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THE HTORY OF 



CHAPTER 1. 


TNTK( )1)U( 'I'lON. 

Anyonk 'vvho ol)scrv(‘s Nvitli some care the 
material eceuiAvhieh are constantly tak¬ 
ing place arninul him in list iiolici?, l.liat although 
tln'se ev(Mits dill’er nnn li fioiii oik' .‘mother, A'ei y 
many of thmn liave Ihis in common that in t,hem 
therii is chfmL;c of substance, oi’ changi'. of form, 
or change oi pro[)erli(.‘s. As a lire hiiiiis there 
•is a, (>fiango of coal, oi‘ \\oo(l, to smoke, Ikiine, and 
ashtis ; although Mii see no new thing produced 
wlien (ioal gas is Imrniiig, ye-t our sense of smell 
helps oiu' sense of sight, foi* wo know that if tlie 
fg.isw(a'(‘, not changed into some other tiling when 
it is burnt we should smell the unchanged gas ; 
Avhen an oil lamp is burning badly some of the 
substaTic.es that are formed fiom the oil make 
known thei4’ presence by unbearable odours. 
Prom the dry and winter-stricken trees the 
return of spiling calls forth green buds, and 
.summer change's these to leaves, and autumn 
dyes those leaves in crimson, purple, and gold; 
thQ blossoms on the fruit-trees that herald the 

' 6 '^ 
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near appicKich of a milder season change after 
a time into fruits, and on the surface of these 
fruits tlic colour deepens as under the influence 
of the sun new substances are produced within 
them ; the fields are ploughed and the seed is 
sown, and from thes(5 s(‘.eds corn and other Ivinds^ 
of grain spring U[) in due time, amj then the pale 
green cars aeijuii'e a warnuu’ hu(' till the waving 
of the golden grain teVs thrt the time has (!ome 
for this cyelo of changes to be oom])h‘ted. Water 
changes to iee, and rain to hail and stiow ; the 
mountain side that today is dry and silent to¬ 
morrow is vocal with the sound of dashing 
hroohs ; and the moniitains themselves (*riimble 
sloAvly iind their rocks are changed to the dust of 
the plains. 

And if Avo turn to man’s (healings Avith material 
nature outside himself we shall find that it is 
hardly an exaggeration to say that-tin* whole of 
these dealings consist in taking advantage of 
changes of snbstaiicc,pr()j)erties, oi* form thac occur 
in material things Avithout his intervem aon, or in 
accomplishing novel changes l)y creating condi¬ 
tions different from those th<it j)revral Avhere he 
does not interfere. ^ 

The timber Avhieli is used in making houses, 
furniture, ships, and many other things that 
enter into our daily lives, is one pioduct of those 
complicated changes that arc brought about by 
the growing tree in the food it obtains from the, 
air by its leaves and from the soil by its roots. 
There are plants which cdiange the substances 
they absorb by their roots and leaves into sugar, 
and when these plants are crushed and the liquid 
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part of the sweet juice which exudes is boiled away 
suga” remains. In the living laboratories of othej* 
plants arc pro<luced, from materials the same as, 
or very like, those that the sugar-cane changes 
into sug.ir, dye stulVs such as madder and indigo, 
or sweet-smelling resins siuih as frankincense 


and myrrh, or esscritial oils as cedarwood oil, 
oil f)[ bergamot, and attar of I'oscs, or gums as 
gum tragaeanth ati^l givn aral)ic, or such things 
as guttapercha and indiarubber, oi* substances 
such as rjuinine, morf)l)in(‘, ami salicylic acid that 
afford some nilief to those who sutler pain. 

Most of the su))staiiees that ai*e us(‘(l as human 


food are the prod!lets of cliangles that occur in 
those living organisms, })lants and animals. The 
jdanls absorb com])aratively simple substances 
from tlie air and the soil, and from these they 
build up more complex things such as starch and 
sugar; ])lants are eaten l)y animals Avhich carry 
further the biiikling up processes that the plants 
,bcgaif; and both vegetable and animal substances 


are e>onsRmed by man and are changed into the 
highly coni[)lcx materials (hat form the organism 
whicli is foT' ever syiilhesisiiig itself from simpler 
kinds of matter, and is constantly being resolved 
into less complex forms of sulistancc. 

The manufacturing industries an? so many 
examples of the intelligimt direction to definite 
ends of changes in material things. Iron ore is 
brought in txic blast furnace under such condi¬ 
tions that the red earthy stone is converted into 
lumps of cast iron; and when this iron is meltlxl 
and air is blown irfeo the fluid mass it undergoes 
another transmutation into hard, lustrous, malle- 
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able steel. Sulphur, or it may be pyrites, is burnt 
in a stream of air, jukI the sufVocatiiiif gas so pro- 
rlucod is conducted into large Icadcm chambers 


where it mixes with steam ami with am)th(*r red¬ 


dish Goloui'od gas from which it removes'oxygen ; 
the prod\ict of these changes is oil of vitriol’ an 
acrid, coirosivc, licjuid that is used in almost 
every manufacturing process. 

Common salt is heatc^i wi\h oil of vitriol, and 
a mixture of tin* product with coal aud chalk is 


melted in a furnac.e ; tin*, black solid foiTm‘d by 
this u])eration is lixiviated with water, and when 


the liijuid is evapoiated caibonate of so<la is 
obtained. ( arbonate of soda is transfoi’iiUHl into 


caustic soda by boiling with milk of limt',; and 
when caustic soda is heaiml with fat, olive oil, or 
cottonscjcd (a’l, tlu*. ])r()ducts aaaj glycci’in and 
soa]). S(‘ra|> iron is heated with pearl ash and 
hoofs, horns, or fr.igrneaits of hid(‘Si or leather; 
the ])ro(liict is tn'atcd witli water, and large, 
yellow, transpanmt crystals of yellow ])nissiate. 
of potash ar(i obtained by liltering this r.iquid and 
eva})orating it. 'Thv. yidlow prussiatc^ is dissolved 
in water and a solution of iron irf an acid is 


addeil to this licpiid ; the result is the deep blu(^ 
pigment called Pi’ussiau blue. Sand, or liiielj;^ 
ground (juaitz, is mixed with carbonate of soda, 
ur pearlash, and the mixture is imdted in })ots 
placed in a very hot furnace; wliQn the melted 
mass is poured on to a Hat metal table a sheet of 
transparent, colourhiss, glass is formed. 

•'Coal tar is distilled; a portion of the colour¬ 
less liquid which distils over'is mixed with aqua 
fartit'j and the heavy reddish oil, smelling like oil 
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of .‘ilnioiids, Avhich is |)ro(luc(3(l by this treatment 
is warmed for sona^ time with iron filiims and 
coiicenti*at(‘d vinei^ar, and is then distilled. The. 
eolonrless Ihjuid that distils ovc'r is (*alh‘d atiiline; 
and fnmi th.it liquid is ])r()duet‘d, by suilabh^ 
, treatiiunit, a \a.st. number of eolouriMl substanees 
wherewith eo^lon, woolliMi, and other i^oods ma,y 
be dyed eva*ry shade aiid v.ariety of colour, botli 
l)eautiful and ei u<le. 

'I’h(‘. juiee* of e;ra])es accjuiies m'W |»ropertics 
after bciTiji; exposed to the aii- for a time ; the 
liipiid 1( )ses som(‘ of its su_u;,ir, and in ])1aee therc'of 
a volatile li(juid, (ukIowcmI with stram^n*. powers 
and ])ot(‘neies, produced : tin* jnic(‘ of tin' fruit 
has chanu:('d into ^‘wine that maketh iilad the 
lu'art of man.’’ W’lnni barley that has to 

i^ei‘minat(‘ is healtal to a pro])(‘r Uunperature, and 
is then maslu'd with water, and tli<‘li<|uid so ])rO' 
duced is mi ved with yc'ast and k(‘pt, slightly warm, 
a eliain^e occurs similar to that which ha[)pens in 
^;rapc jui(‘e (‘xposed to tlu' air; su< 4 ar disajqiears, 
and aleoliol and carbonic ac.id i^as are formed : 
the rlecoetion of maltt^d barley has been trans¬ 
muted into oe(*r. 

And wdiat is the ai t of cookinjj; but llui intclli- 
Ji^ent direction of certain jiossible transmutation>? 
in the substance an<1 properties of food-stufls so 
as to produce new materials that nourish the 
body, please 4hc jialute, and enliven the wits of 
man ? 

The story (jf chemistry is the story of the 
unravelling of such changes and transmutatiofrs 
of matcirial things as those that have been referred 
to in the preceding paragraphs. 
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It was supposed iii foruior days that anything 
might be ohaiig<Ml into anything else, provided 
the j)rop(‘r conditions could bo aiTangi'd. On this 
su])})osition was ])as(‘d tlic tedious art of alchemy ; 
for it was not on a vague guess, but on wdiat they 
took to bo a universal law, to wit, the infinite 
mutalhlity of material things, thrt the long- 
suirering, inueh-euduring, alchemists rested their 
sti’ange processes. Noticing me profound and un- 
ex{)ected transmutations that occur sb fr'crpiently 
in things, the alchemists gave an atiii’niativc 
answer to tlui <jU('stion Avhich these transmuta¬ 
tions k(‘pt diiniing in ilu‘ir ears ; -Oa.u any mate¬ 
rial thing !)(' cliaiiged into anv ot!u‘r thing ? And 
then (h*iv(ui to s(‘ek for sfune stable, un<‘hanging. 
reality, by the innate longing of humanity for 
rest, the alchemists liit upon the enticing hypo¬ 
thesis of The One Thing, W’hicli tluw called also 
the Essence, the Sbme of W isdom, lh(^ illessed 
Water, the Ehilosopher's Stone, and many other 
names. 

Those early readers of the story of life changes 
of material natiire found that a language had to 
be (constructed whcrccin they might express then* 
reading of the legend ; ami the fundamental eon^ 
cej)tion of their hindering found expression in 
smeh sentences as these : —“ Thenc abides in 
nature a ccu'taiTi form of matter which, being dis¬ 
covered and brought hy art to peefection, con¬ 
verts to itself, proportionally, all imperfect bodies 
that it touches.” 


i i 


. . . For ’twerc absurd 
To think that nature in the earth bretl gold 
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Perfect in the instant; something went before. 
Th^iv must be remote matter. 

Nor (‘{111 til is romoto matter Muldeiily 
Pro/^ress so from extreme unto extieme 
As ti ^old, am I le.i]) o’er all the means. 

rti (lotli first he^c^t the- imperhu*!, tlum 
I'loe ‘efls she to the peifeet.” 


And, hasin;^^ llioir ^v^ork on this conception of 
a })erfect niaUi'V Avhicli was alilc to convert to 
itself all imperfect bodies, tlui alchemists recog¬ 
nised that iiincli labour was i’e<)nired to gain 
that perfect nnitter ; th(‘y ri'cognisiM], as one of 
I heraselvcs stated, that “ Xatnn^ moves not liy 


the theorie of men, hnt by tlK'ir practice, and 
>iir(3ly wit and reason can perform no miracles 
niih'sse the haiidvS supplic them.” In setting their 


h.uids to supply the matei’ial eondiliuns favour- 
il)le to the m?>veminit of natnT'(‘, tiny were eoii' 
\ need that nature moved in tlni direction they 


I h*)nght she ought to move in and hy ways wdiich 
t liey \vere ;»role to mark out for her })rogrcss. 

Many (jcntiiries passed before the investigators 
of nature sinewed some willingness to accept their 
tn^c position as parts of the nature they sought 
ti) comprehend. Most of the earlier seekers 
after a knowledge of nature began by building 
avails (*ach of wdiieh marked oil’ one portion of 
natural occurrt^ices from the rest, i do not 


si^pposo they built these walls consciously, rather 
tiuy thought they saw'^ walls where no barriers 
3vere. The alchemists were very busy within 
iheir intellectual sheep pens, as the chemists of 
to-day are most active in the larger walled 
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gardens ot thtn’i* intcllcrtual domain; but tlie 
alchemists nnidc fewer brcjaclies in their cncn’cling 
lKirri(‘r.s lh;in we make Jiow in ours. And L think 
we recognis(‘, wlia.t our predecessors cmild not 
acknowledge, that, tin* tci ritoi ial divisiv.ns wliich 
must be <‘st.ib]ished aie of oin own ina.king^ and 
are made only tor th(‘ pur[>ose ot helping us to 
undeistand th(‘ infinitely eonipU'x whole.. 

The history ol sciime^' nia^^ be (h ^crilxal as thi‘. 
liistory of the Ine.dving down, and the', (‘rumbling 
away, of aiTilicially consti'uctcMl haulers. All 
the ureal- nimi of science hav(‘ Ixarn lamous wall- 

tj 

l)r(iak(U\s. instrumenls ol demolition wdiich 

th(‘S(j men w ield(*d h.ivu' been d(‘ii(h‘d by the. 
ignorant wise* nnm who d(‘clared !.lu‘ walls would 
never tail ; tlu‘ noise (.)f ihe crasliiiig bairiers has 
tiavelled sIoa\1v to t]n‘ ears of those who did not 
wisli to liear, and in tlui va(‘ant ])hn‘es solid con¬ 
structions liave continued lo Ixi (ivident to the 


ey(*.s whicli did not desire to siai. 

It is worthy of lemaik that, the centfal con- 
ccijjtion of llie alchemists, whic.h, nuv<Tt}ieless, 
led to their pigeon-holed i*(ipresentation of 
iiat.ure, was the unity of natural jihenomcna.. If 
their ai uuments w'eia^ translated into tin* language 
of to-day they wanihl be somewhat as follow'S — 
Plants grow from seeds, and tlie plant is a very 
dill'erent thing from the seed ; animals become 
larger, stronger, and moi-e complete as they grow 
older; t]u‘. jdaiit may w’ell be calhal more perfect 
than the setal, and the full grown aiiimal more 
piwfect than tlui immature animal ; Ixjth plant-s 
and animals grow, come to their prime, and 
d( cay; and there are degrees of j^crfcctioii in 
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the niiirnal niul worlds. Now -we 

may suppose tln^ ar^nnicut of tlie alcheauist to 
eoriliiiiio uaturo works iii siiiipl(i w;iys ; man is 
tlui rrown a.U(l i^loi y of ereatiou, and it is foolisli 
to supp<*se that man cannot nnder.'itand nature ; 
to }»j’es('rv(j th(‘ unit.y of nalm (‘ it is noc(’ssary 
that uiinei'als and metals and all inanimate', thiims 
\sho\dd ij;r()W, and change*, fj'om less [)erfect to 
more' ])erf(M*t forms* as i-ln*r(‘ an* dej^recs of per- 
fec.tness and dii^mty amoTii; living things, so 
must tlicK', he, dei'ria s of pcrtcctnoss and dii^nity 
amoui^ all things ; sonn* nn*tals disappear in aciid 
liquids, and th(‘se metals are |j;e,ncrally easily 
worn away, tlu'V aren‘a<lil\’ uk'UimI and burnt to 
dross ; ])ut souk* oilier metals a]‘(‘ noti swallowed 
up by corrosive li^piids, noi* are th(;y worn avvMy 
with ease, nor readdv <‘han'j;i‘(l in the tire ; there 


are evidcmtly noble and base im‘t-als, {)erfeet ami 
im])erfec‘t nu'tals; and as tin* less pc'idect seed 
under ])ropei‘ conditions jirodnces the more per- 
f(;ct plant, and the plant is rendercid yet more 
[leafect b^ cnltivation, so tin* im[)erfect mebils 
change slowly into those whiv*h an*, more perfect, 
and this slow ])roeess of change ean be hastened 
4>y man's art and device. 

Tl 10 argument fi'om analogy was pushed by the 
alchemists furtluu- than this. Wdiat they said 


may be rendered sonnmdiat in this way: —It is 
evident lhatoiving things are more perfect than 
inanimate things ; if therefore there arc changes 
from less perf\^et to more j)erfect forms among 
living tilings, much more must changes from 
imin<aiurc to mature forms lie constantly })ro- 
ceeding among dead things like minerals and 


n 
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metals • and as those niinonds and metals arc 
loss perfect than plants and animals, it prolv 
al>le that the plasticity of the minerals and the 
metals will l)e greater than the plasticity of living 
ariimals and living ])lants ; liencc theiJ; will not 
be those niark('d lines of (hmiarcation iii the 
mineral world which we fin<l in the animal and 
vegetal>h‘ worlds: it Avill be a compai'ativel} easy 
thing t<j gi(nv a noble nmtal like gold from 
ignoble metals like lead or cojrper, nlthongh it is 
an impossil)le thing to <!hange urui kind of animal 
into anolher or one sort of plant into another 
sort of ])lant. 

A vagiKi conception of the unity f)f nature of 
this kind led to little actauate knowledge; the 
conception could nut be a])j)lied strictly and in 
detail to natural occuri'cnces ; all that could be 
done was to perfoi Tu a vast number of inaccurate 
arid incomplet(i (*.\[)(Miments, and^to state tluj 
results in the loose and slipshod language of the 
vagina but soiioi‘ous hyjrotliesis which prornjrtftd 
the experiments. And so although the hypotliesis 
postulated the unity of nature there, was no unity 
in the (experimental rcjsults which were collected 
to suppor t the hyirothesis. The resernblamf^DS 
and the di.-^sirnilaiities betAV(^,eri natural occiu’- 
nmees are not to be discovered by reasejning 
about an order of nature which (JxisLs only in 
the brain of tire reasorier. iV who sets out 


to discov(T whiit is must endeavour to put asit],c 
all his notions of what ought l^o be ; it is only 
when ho has gained a solid foundation of verified 
and accurately stated facts that ho may venture 
to make a definite guess concerning the cause of 
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tho facts he hns collected, Imt unless he makes 
clearly stat(‘d <;uesses—that is, scientific hypo¬ 
theses -ho Avill remain a mere colleclor of half 


facts and will never hecome a scientific investi¬ 


gator. 

AVe shall CTideavoiir in the following cluij)ters 
to trace the methods which (diemists have used 
to elucidate a certain class of changes that 
material things niutcrgo, and to state and illus¬ 
trate som(‘ of the niorii iin[)ortant gemwal results 
they have attained l>y the ai)plical ion of these 
in (‘t hods. 


ClIAFFKrt 11. 


TIIK rll VKACTKIl OK (^llKMfCAL (JfANOK. 


As tlje changes which material things undergo 

were oxamimal with some care, a distinc.tion 

came to ne made between those changes wherein 

1 * 


the pro[)erJaes a 
matter afiected 


nd also the (‘omposition of the 
are modified, and those wherein 


bhe composition of tin; matter is not idtered, 
although its pro[)crties are chaiigcd. 

A few sim[)le exjuuiments will illustrate the 
more prominent ditlerences between these two 
kinds of cha.^iges. 

If a piece of thin, clean, iron wire is held in 
the hot, non litminons flame of a Bunsen burner,* 


* The Biiiisoii hunger is an ordinary gas jet over which 
fits a cylindrical metal tube pierced near the lower end with 
two large holes ; tlie inixturo of air and gas is lighted at 



20 THK STOKV OK TTTIC CHKMICAI, KLEMKNTS. 


the il’OM trlowfj und I'liiilK liudit. If the wire i« 
ivmovcd from tlic ;iffci‘ ;i few srroiills, an 

(3\aininati()n of tlu; wirt*. will show tli.it the iron 
h;is not Ikhmi chatmod into an vt liiim cls(‘ so far as 

» ’ t. Cj 

Clin 1)0 jndi;H‘d by the sonsos of siylit a,nb toiicfi. 

Whon a f(‘W cliips of wood iii’c [il.irod in a* flry 
tost lube which is llion iir:nln:hllv^ licat(‘d bv^ a 

•' V 

Thin sen burner, lIk' wood soon dai'kmis in (‘('loii]’, 
and after souk* nnniil es'moi^tun* is seen Ibi'iiiiiii; 
on the n])j)(‘r pails of I he tub(\ ambsomet liin^ is 
<i:iven oll‘ with a vtay decided oihnn*. If tlio 
hiNitini; is continued for a few minutes, and a 
lii;htod t*ij)er is then broui^ht to the mouth (jf 
the tube., tli(‘ \apours that an'(‘oming off tak(i 
fin*, ddn* si'iist's of sieht. and snu'll assure ns 

I j 

that lh(' wood has Ix'im chaaured by hcatiim it, 
into things which are (juite different from wood ; 
and tJiis (‘onclusion is verified by tin' test of the 
lighted tapc'i*. 

If a few small pieces of sugar are heated in a dry 
test tul)e, in the same way as tin' cliips of wmod 
were heated in the last evperiinent,'the sugar 
chars and gives off badly-siin'lling va.])ours, which 
ignit(‘ when a lighted ta|)ia* is biought to the 
mouth of the tube afti'i* the lieating has bcc^i 
eontiniu'd for some minutes. 1die sugar is evi¬ 
dently di'sti’oyed, and things which arc not sugar 
are formed in its stead. 

W hen a few grains of dry saVmmoniae are 

Mietoji of this tube. A (jousi(k*iMl>lc volumu of air eiitei.'i 
thioiigh tlic holes in the metal tulu*, when the mixture, 
nt gas ami air wliieh issues from the top of the tube is 
ignited, the w’liole of tlie g.is isvoinjiletely burnt and a 
llame is olitained whieli is very hot, and is not biiniiions 
as it is free from particles of unbnrnt carbon. 
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in a (liy tust tiiLr, anil tlio lowin' (Mid of 
till', tube is healed viM-y t^eiitly in thi', ilainc*- of a 
IhinsiMi lairner, the salamiiioniae i^radnally dis- 
appeai's from the lii'aled ]>art of llie Inlx*, and a 
\>hil(‘ solid slowly foi'ins on the upper, eool jrirt 
► of the tube. So far as ap]^(*ai*a!iee ^oes, this 
white solid is the s.ime as the salainmoniae that 
^vas heated; it niniute poitions ot thi^. salain- 
nioTiiai* and tlie white deposit are tasted they 
.si'ein to bo‘idiMitieal ; and if a little ot I'aidi is 
shakiMi with watei* liolli dissolve easih’ in the; 
water; moieover, it lioth art' boih'd wntJi a- little 
soda lye, the smell of aninioina (spint.s of liaits- 
hoiii) is vt'iy ]>er(‘e])ti]>h' in eaeh ease. 'The 
sensi's of siiiht and tasf(' t(‘ll ns that the salam- 

O 

moniae was not chanoi'd into an\" new substaiieo 

' f/ 

by heating it, altlion^li it was transiormed from 
a solid to a. \'a])our, avIulIi ai!;ain beeame. a 
solid wdic'n it! was eooh'd ; and this eonebision is 
strenirtheiu'd ])V the results of the tests witli 

< ' I * 

V\at('r and soda ly(\ . 

So far as they i;o, tlie.se roii^h expeiiineiits 
inilieate that^tlu' iron lamiaincd iron wdieai it Avas 
tak(‘n out of the tlanui, and that the saLimmoiiiao 
A|;is not ehano;ed into any new tiling by heating 
until it bcM'amo a A^apoui', and then eoolint^ this 
vapour: at the sanu* time the ii*on ccM*tainly 
ae<juired a neiv proiierty as loni^ as it Avas kejit 
in tlm hot d^is-ilamc, for under these condi¬ 
tions it emitted lii;ht; and tlio salainmoniae 
[lassed from th| solid to the gaseous state Avhei^ 
it Avas heated. A change of projierties Avas 
eife(*tcd in each case, but this change was not 
permanent, nor did it .seem to be accompanied 
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by any change of composition. On the other 
hand, the senses of sight and smell assured ns 
that ))otli wood and sinjjar were chaniied into 
new things with mnv [)ro[)erties l>v the action of 
heat: in th(‘se cases cliangc* of properti(\s jv^as 
undoubtedly a(‘coni[)a,iiied by change of conij)Osi- 
tion ; and both cliangcs were })ei inancnt, foi- the 
things j)i'o(lnced b\" licating wood (li<l not cliangti 
back into wood, Jior the things foi'med by 
heat.ing sugar rii-transformed into .sugar, when 
the vessids in which tlui heatings were conducted 
were removed from th(‘- source of lieat. 

The iron s(‘emed to remain iron, and the .sal- 
ammoniac seemed to lu^ .still .salammoniac. Ihit 
“ thing.s are not what they seem ; ” we must have 
moi’e conclii.sive jiroof. 

The alchemists used to say that during the 
burning of chalk to lime, an prindjilp, or a 

ji(*ry passed into the chalk from the fire, 

and that the caustic; properties of burnt 4 lime 
were due tf) the [ircsiuicc; in it of this igneous 
principle. Why should not we also assert that 
the things formed by heating wood or sugar arc 
produced by the addition to the wood or sugar 
of a calorific jirinciple from the heat, which [irin 
ciplc I'emains permanently in the liui nt wood oi‘ 
sugar ? Why should not we maintain that a 
fiery essence pas.ses into iron that is ])laced in a 
hot flame, but escapes when the irdli is removed 
from the flame. 

The balance has forced the clifmiist to throw 


aside the alchcmi(;al explanation, and it has 
enabled him to find an explanation more con¬ 
sistent with the facts by revealing facts which 
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wore yiikiiowii to the alchoniist. H any Iciiul of 
matter is added to chalk duriim the eonversiori 

n 

of chalk into lime in a kiln, the lime must weii;h 
more than thci chalk. Ihitwhen llio lirno formed 
by b^irnini^a \voii;hed (jiuintity of chalk is weiiiilK'd 
it is found that instead of W(‘i^hin^ moic, the lime 
woi^dis less, f lian the chalk from which it has betm 
ol)tained. If on(‘ pound of clnilk, loi* instance, is 
burnt to lime, rather nioio than half a ])ouiid of 
lime is prodih*cd. Some material substancij—it 
may be nior(‘ than on(‘ substance -has ])e(*n taken 
away froiii the chalk in the kiln ; and lime is 
chalk dej)i-ive<l of on(‘, ui mor(' than one, of its 
con.stitmmts. (Jr, perha[)s, the bui-nini^^ (dfected 
the rtmioval of somethiiu’ liom the chalk and at 
the saim* time caused llie addition of someihiim' 
else, the net result of tluise two occurrences Ijciim 

^ n 

a- loss of wei”lil. 

The resnlt of a foAV (‘X})ei‘iments on tlie cli.in^^cj 
iJjat t'kes j)lace in ihe linn'-kiln, arran^^ed so 
that d(*terjninations« ai‘e made of ttn* relative 
(juaiitities of matt(;r concc'a’m'd in this chaiiL^e, is 
to piesent with a detinile subject for furth(*r 
imjniry. Putting aside s[)eeulatio]is aI)out ii'iie- 
ofis principles and the like teservui”; all s])eeu- 
lations until \vo liave a hxed ])asis of accurately 
ascertained (piantitative facts whereon to rest our 
theoT’ies-- we must seek to solve tlie <{UCstions 
which are directly sui;gested by the result of our 
first application of tln^ instrumeut of research 
which the l)alai.#je-maker lias put into our liaiids 

What did tlie chalk lose when it was heater] ? 
We did not see anything leaving the <‘halk. 
Well* then we must aid our sense of si<>ht; 
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nmst try to .‘irvaiicjc an experiment in feucli a way 
that ii anything ('sea})es that sonn thing nny Ix' 
caught, weighed, and examined. And we must 
also make tlie conditions of oiir (iXjXM iment such 
that if anything ( omhim^s witli lla^ elialk, during 
tin* heatirig of it., \\(‘ sliall !)(', ahh* to det<*et the 
removal of tin's sometliing from the maTin’inls that 
ai ‘0 in contact with chalk during th(‘ expea '- 
ment. Tint to conduct such (iX[)(M*im(uits a.s t hese* 
iiujans that, we* aeapiaint ourse*lves with the* e‘e)m- 
positie^n of (‘lialk, and tlie; composition of the*, air 
in e;ontacl with wliicli the clialk is luxated, and 
that we know also the* <‘om[>osition of the ve‘ssol 
wherein tlie (ilia,Ik is eixposed to the*, action of 


heat. A lai’ge iiajuiry is at oneiei openeid ; and 
that inepiiry must lx*, jnosecute'd by accurate*, 
that is by ejuant.itali\e, e‘xpei inients. \\"e shall 
have to dete*rmine wheither chalk has a (l(*tinite* 


ce)m])osition, or' whether its composition is not. 
always the same , we must, resolve <*ha!lv and 
liTTKi into the‘ir compe)ne‘tits,, a,nd I'e builel t]u*se 
substances IVom those* compone‘nts, and we* e*an- 
not do this without giving a ve*ry eh'jinite meiam 
irig to the woi'ds rniiipo.silioit, and roitiponrnf^. 

And as with the clialk se) with thei wood, thi 
sugar, the salammoniae*, ariel the iron. If the 
iron was not cliaiige'd into a new thing when it 
was heated until it glowed, the weight of the iron 
before the*, oxjierirneint was made* must be the 
same as the weight of the material when the*- 
experiment was finished ; and thyjt we may posi¬ 
tively assert that no cliange of composition accom¬ 
panied the tenniorary change of pnjpeilies from 
(lull iron to a glowing, light-emitting substaiu'e, 
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W’i) must know y th<*. conipoMtiou of llu* 

iro]] l^efore it Wiis licatcd arid afttu* it was lic^att'd, 
and w'(‘ must d(‘1 ermiru*, wlicilnM’ ilu* fomfiosition 
of tin* air that sui'i’oundnd tin* ^Iou’jiilt ir’Oii did 

r* 

or ilid Hot undcri^o any rliany(‘. Similar oxpcri- 
iimrits must 1)0 madu \villi salammoniac ; llio 
(‘omjinsition ot tIn* sulistaina* must la* drtri’iniiK'd, 
arid'^tIi(i composition of tin; \\ hih* su/fhiimIr w Iiicii 
seemed to be uiicnaiiyed salammoniac must be 
comjiai’ed that. ol tin* salammoniac* betore 

hoatiim ; moi’<‘o\aT the loss of w'cieht. sulVerc'd by 

lIh; salammoniac must be d(*termin('d and tlui 
wauglit of the while*, sublimate* must be* found, b>r 
if no change, ol comjiosilioii accompanied tin*, 
(‘liange fi'om the*, seilid le> iln* ^as and back to tin*, 
seilid tliese twa) a\ eights must 1 m* tliej same*. 
M(‘lhe)els must also be* de*viseel and exp(*riments 
cemdiie’teel wdierebv we, shall Im* abb; 1 o d(‘,t/ermine, 
the exact e eunpositieins of waiexl and sugar, and tlie 
(iomi'psitiems of tiui things that ai*(i produced W’h(*n 
wood and sugar ai;* heateel ; and llu expe*riments 
must, t^iKe inte) ace-eiuiit the jMissibdily e)f the, 
r‘(‘me)val of material things Ireim, or tlie gain of 
sii(‘li things by, the suTTemndiiigaii* and tin* ve‘ss(‘ls 
w’ln*rein the experiments art* ee)neluete'd. 

It w^'ls onlv as chemists, and natinalists in 

» 

gemcral, i’(‘eogni^(‘d that ejiiantities eif niatt<*r 
could be me'asiu'ed by tlii'ir w'eights, that the'y 
hegi in to linfl a trustworthy method of examining 
und disentangling the transforanations that matter 
iindcrgocis. yowever strange, une\pe‘eted, and 
profound a change^in the*, properties of some maTe- 

** A solid obtaniod liy cooling llio vapom toriucd by 
lieatiiig a solid is ejallcd a suLlujwtr. 
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rial substance may l)e, tlie l)alanco enables us to 
fuid out \vhet]i(‘r the chaime has or lias not )>een 
accompanied ]>y tlie a<ldition to, or tin'- reanoval 
from, tin; changini; substance of sonn^ otlna* kind 
of ma-t,ter. 


ImagiiK^ a box Avilli jiiany dilhacait things in it: 
let there lx* balls (d* A\ood oi (liUcrcnl colours; 
lumps of iron, li*ad, coj)pei’, sil\(‘i\ and other 
metals; pieces of sii(‘t: parcels of tea, spices, 
sugar, cotlee and siicli things, l(‘t. si/me of tli(‘ 
things in tlu^ box lx*, lai’ge, and let oth(*.r things 

477 O <7 

be extremely small. Let it lx‘, arranged that 
nothing is to be takcui from tlui ]x)x, nor is any¬ 
thing to l)(i lironght into tin*, box, tVoin outside, 
lj(*t th(M‘e be twa) people. Oneof tlu‘se examines 
an oliject in tlie box, say a [larcid of tea ; he then 
turns his back, Avliih^ tlu‘ other piason (dtlnn’ 
tak(is out some of tin; eonleiits of tJn* jiarcel of 
tea, or mix(‘s othei* things Avith th(‘ fc.i in tln^ 
parcel, or d(x.xs hotli of thcs(‘, oi* does not alter 
the contents of the parcel but. dashes a, coat- of 
paint over the outside of it ; tlm tirst person lias 
then to determine Avhieh of tin* four ])roc(‘sses 
has tak(*n plae(‘. It is e^idelit tliat a, conjilc of 
weighings would help towards the solution of the 
problem ))ut \v<jli1(1 not siittiiai to solve it. If tlie 
parcel w'cighs the saiiici aftin* the process as before 
the process, either nothing has been taken out, or 
if anything has Ixa'ii romoviMl an eijUill w'eight of 
something else (or of some otlicr things) lias been 
put into the jiarcid. If the jiaive^. weighs less 
at tjic end, than it did at the beginning, of the 
experiment, something has been taken out of it; 
but something may also have been |)Ut in, pi o- 



THE CHAKAtTKR OF OIIEJIICAL (CHANCE. 27 




vklod tlio W(‘it;ht of wliat li;is l>ocii j)ut iu is loss 

than llic w<‘ij'ht of whnt has boon taken out. A 

(•onn)let(; solution of llu' jn'ohhnn would be pos- 

sibl(» only when tlie ])roperties of each distinct 

subslam e in the box W(‘re known, and the (|uan- 

titv of each was kiioMii : in other words, to solve 
^ ' 

the jn’obleni it would lx', Tieei‘ssa]'y to examine 
tin'^^ariou>s substane(*s eai i'fiilly, ami to di'tei’mine 
the (juanlily of earn in The, box, by wt'i^^liini;; it, 
both at th(‘ beyinnirii^ and atllu’, close of the jn’o* 
eess ; if the sanui wemlit of each sul)stance was 
Ibuiid in the box, out>id(', the ])arce], at the end 
as was found at tlu*, b(‘L;innini' of th(‘])roc(;e(linijjs, 


evidimtly notliing had been taluai out of the 
parcc'l of tea nor had anything b(‘en ])ut into it. 

One of the p(‘o])le in oiu’ima.ginarv case is deal¬ 
ing with a qiu'stiou which resembh's those the 
chemist ha,s to explain. 

“ Had 1 to play at that foolish game,,’' some 
one may say, “ I would open the t)are(il and J(x)l\ 
in; and with a little rummaging 1 Avould soon 
find out wluither the other jilayer had changed 
tlie contentjS of lluj j)arc(‘l or m>t.” Ihit however 
keen your eyesight you might (‘asily miss a few 
l^rains of [)epp(‘r a,mong tin', tea; and although 
your sense of smell is v('ry delicate a fraction of 
a grain of cinnamon might escapes your nose 
And when you j)lay the hniI gann', the chemist’s 
game, the prfrcels you are set to rummage ai’o 
either very hard to open, or tlu'y have a way of 
falling to piec'js while you are looking at tliem ; 
and if you succee<) iu oiieiung the jiarcels aiTd 
taking out tlie contents, the tilings you arrange 
in heaps according to their kinds arc strangely 
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(liHViuiil tlio aj)p(‘:iniiu't‘ of the tliiiius when 
1 h(‘y wei’i'. mi\(‘(l togetluM’ io th(‘. parcels. 

^i1ie illustiation is(‘rii<l(* ; ])ul it vaax lielp us a 
little novv^, and it an ill [)erha])s lu‘l{) ns nua-e at a 
later stai^e of our ijifjiiiries. 

Th(*. hox which <*^^n1aiIl^ tlui tliinL;s tlu' <-li(*inist 
lias to iIcmI wilh is the I'lai’tli. 'riierc, are other 
l)ox(‘s outride the earth, but tlii^ clunuist has as'eet. 

' a 

only one instrunient for opcniiVi^ tin' lidsot tli('S(‘ 
a litth*. tluit liii may jx-ep in at. tin* coiUiuits ; that 
instrunient, the sjx'cti’oscopi', onabhal the clieniisi 
to see a e(*rtaiii kind of iiiattt'r in the sun Avliich 
Avas not known to exist in the eartli, and Avliich 
b)r that reason wa,s called In'lltun, but witliin tlie 
last year or two the chemist has becui iisin*; tin* 
same instruiiKUit to seaich odd nooks and cran¬ 
nies of liis earthly domain, and h(‘ has disi'overcal 
that tluN solar matti'r Ik*, c.dicd helium ('\ists shut 
U[) in suTiK) out of tlK*> w ay nliiunab thaV arc icaind 
on th(5 sui’face of the tMith. 


TiCt ns turn liack to tln^ (ixjieaiments wluu’ein 
wood and simar weriN chaiured into subst.nic(‘s 
<(uite diUcrent from tlicnisi'lves by the action of 
heat. Iho resulis of tlu’se eApeiimmits piovcvi, 
it Avas s;.iid that the. compositions of tlie Avood 
and the suL;ar Aveie c.hanced. AA'hat new^ suhu 
stances then were formc'd Avhen these things, 
wood and sugar, Ava ia^ lieated 1 Ami what are 
the differences lietAvcen the, com})osftions of the, 
IKNW siibstanc(‘,s and tho^c of tlie thiiurs from 

o 

Avhich th(‘se new siili^tances have b(^en jirodiiced'/ 
^Vhen sugar is resolvt'd int(j its simplest con¬ 
stituents tliesc constituents arc found to be 


three very different substances; one of these is 
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(Udlnm, a substance well kuowui to rv(‘rvone by 
the fiaiiHi of eliarcioal ; anoUic]' of tlie t-hreo sub' 
.•stances is a eoloui'less, odourless, gas to which 
the iiaui(‘ oxif^jf n is givaui , and tlu; I bird is also 
a coloufl(‘Ss, odourless, gas, but a gas that difl'ei's 
niheh from o\\'geFi ; lo this gas is given tlie naiiui 
Inidiinfrit, l^^j’om a d(Menninai(^ w(‘iglit of sugai’ 
(•ert’ain deteiniinaU*- \\eiglits of tlu'se tlirt'o kinds 
ot iuatt(‘r e;in b(^ obtained ; tin* wtnglit ol* carbon, 
or the we>ght of oxygen, or’ tJn^ weight of 
hvdiog(*n IS l(‘ss than tin* \\(‘ighL of the sugar 
from which tin* eaibon, ox\'gen, or li\(li'og(*n is 
obtm’ned ; and the sum of the* \ceigh(s of e.rrbon, 
oxygen, and h)<li*ogen is (ajnal to the weight of 
tlie sugar tiom which tiu'si* substances are jiro- 
<luc<‘d. Ily no |H‘oc(‘ss h,is it Ixam found possilile 
to o])tain from a sjx'citied ^\('ight of carbon any 
sid)Stanc(‘ ditif'rent in ])rn|)(‘rties from e.irlion 
and weighing less tlian the. w'eiglit ot carbon 
used ; and A\lia,l. is trm* of carbon is true also of 


‘0\vg<‘tt and livdmgen. d'lie'-e things car)>on, 

i/ • • t/ 1 ^ C* 7 

oxygen, and [iydrog(‘n, ca,n be changed into 
oilier things, ]>nt the changes are always eifected 
by adding* other sulistances to the carbon, 
tliydrogen, or oxygen ; in other words, the new 
substances obtaimd always wa igh nioi’e than the 
carlion, tlie oxygrm, or the hydr’ogeu Aveighed; 
and wlien a new substance is fornnal liy adding 
other thingsdo carbon, oxygen, or hydmgen, the 
weight of carbon, oxygen, or hydrogen used, but 
no more than^this Avcight, can alw ays be obtained 
again from tlie new substance so foi-nuak ^ 

These three kinds of matter, which are called 
carbon, oxygen, and hydrogen, respectively, are 
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said to be the simplest substances into which 
sugar can 1)0 resolved; it would be })cttcr to say 
that these are the simplest substances into which 
sugar has been resolved. Tin*, word is 

use.d as a convenient term to <*\press 'Jie fact 
that no one has been abhi to sej)aratc carboTi', or 
oxgyen, or hydrog(m, into parts that are utilike 
one another; it is tru(^ that substances ^aay 
unlike carlajii, oxygeri/or hy(lrog(‘n are easily 
obtained from thes(‘ kinds of mattcT,* ])ut n(j one 
of tli(i [)roc(\^ses when‘by such substances are 
formed is a process of separation oi* sorting, for 
the new substance always weighs more than the 
carbon, oxygen, or h}dr()gen wtdghed, and the 
new substance is always formed by adding soiiu' 
other kind of malUa* to the (•a.r))on, the oxygen, 
or the hydrogen. 

\\Ood, like sugar, is com[)()sed of earlx)!!, 
oxygem, and hydrogen ; but a sja^edied wtdght 
of wood coiit:iins weights of th(»se three kinds of 
matter diireaeiit from the weights of them that 
are contained in a weight of sugar tlib sanui as 
the specified wan'ght of wood ; in other words 
the fpialitative composition of wood is the same 
as that of sugar, but the (]uantitative compositioru 
of these hvo substances arc diflferent. 


AVhen sugar, or wood, is heated, mwv substances 
are produccxl: some of the carbon that was'in 
the sugar makes its appearance as klack charcoal 
in the vessel wherein the healing is conducted ; 
gases are given olf, some of v^hich are com- 
btistible and some smell strongly, and these gases 
are composed of carbon, oxygon, and hydrogen, 
or oi two of these substances. 
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K\pi*-i*im(‘nts vn’Ui woi^lird <|njintitics of sjd- 
a.mnV)iii:ic havo proved tJuit this su])stanco can 
l>c resolved into two gases, one calhid immomi 
(connnoTily knowni, vdien dissolved in water, as 
spirits iinitshorn), and the otlier (‘allied hydro- 
rkmrir arid f/ds (coninionly know n, wluai dissolved 
in watci', ms spirits of salt). Tin* weight of 
ammonia, or tlni wanglit of liydruchlorie acid gas, 
that can Ih^ ohtainfd from s^ilammoniac is always 
less than t4i(5 W(*iglit of the salammoniac from 
which tliese gas(‘s ar<‘ olitained ; and wdien sal- 
aiuinoniae is formed hv^ causing ammonia and 
hvdrochlori<* acid gas to comhine, the sum of the 
w'm'ghts of these, gases that disap[)car is exactly 
equal to the wcn’ght of salammoniac. that is 
formed. Ihit Jimiiionia and livdrochloric acid 
gas ar(* not tin*. siin[)lest coiistit.iieiits of sal- 
ammoniac ; foi* each of tliese gases can be re¬ 
solved iiit^ two sulistances quite unlike itself. 
Ammonia ea.n h(‘ separated into tw^o parts, each 
vmry dillerent from the otlna* and lioth quite 
dissimilar from ammonia ; one of those parts, or 
constituents, of ammonia is liy<h’()gen—orui of 
the gases that can he olitained fiom sugar—and 
the other is a colourless, odourless, very inert 


gas called nilrofffn. Hydrochloric acid gas also 
can he separated into two dissimilar portions or 
kinds of matter; hydrogen is oiu'. of these*, and 
the other, e.tllcd rhloniid^ is a yello^v, very badly 
smelling, suflbcatiiig, gas. The weiglitof nitrogen, 
and the weig^it of liydrogeii, obtainable from a 
determinate weight of ammonia is less than ttie 
weight of ammonia that is separated into nitrogen 
and hydrogen: similarly hydrochloric acid gas 
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yields less th:ui its own woi^lit of liydroi^eii, and 
l(‘-ss tliMii its own W('iiL^lit of cldoTine. Finally, 
tlio sum of tli(‘ wcii^lits of iiitroiron and hydroL'on 
tlnit can lx* ohtalin'd fi’oiu ainmonia is ('xactly 
(Mjual to the weie;lil of ammonia from whicli tln'.y 
a.ro ol)t juried ; and tin* sum of tin* wc'ijilits of 
liv’droiren Jind chloi’ine that can l)e olitaiiicd from 
hydrochloric acid ejas is exactly ('(pial t(> tin- 
weiii;ht of that i^as fronf wliiMi they are ohtairn'd. 

Tsh) |)i*oc('ss i.s known whi'i’chy eillu'r nitrogen 
or cldoi’inc can resolved, or separated, into 
dissimilai* kinds of nuitter: if .i new kind of 
matter is produci'd fi*om nitroLren, or cliloriin\ 
the new su )s(.ance jdwjivs wei^chs more than tlu' 
nitro^^en, or the cldoiine., from whicli it luis Ix't'ii 
irodiiced ; and tlu' lu^w snhstance is always 
oiiiK'al hy jiddiiii; some othei kind (or kinds) of 
matter to tin; nitro'nm or the ohloriin*. 

Xitrog(in jind hydioii,en, then, ar(3’Vh(' sim])h3st, 
constituents of jimmoniji; jind chhjrine and 
hydrogen tin* sim[)l(‘st constitni'iits of hydro- 
ehloric aiiid c^jis. Sakimmoni.ic can Ixi resolved 
into ammonia and hydr()chloric acid L^as ; hut the 
simplest const it inputs of sjdjimmoniac, are the 
three gases nitiogi'ii, hydrogen, and chlorine, fo 
ammoniji can l»e sepjirjited into nitrogen Jind 
hydrogen, and liydrochlorie acid g.'is cjm Ixi ro- 
solveil into chlorine and hydrogen. 

AVe have then two (^hisses of subhft-ances ; those 
that have been se])aratod into unlike parts or 
constituents, and tliose that have not been 
s'ctpai’ated into dissimilar ])ortions; it is con¬ 
venient to speak of the latter as simpler thjin 
the former. 
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Iron bol<ni<j;s to the class of substances lliat 
liaveJ not Ix'ori dividc'd into dissiinihir con¬ 
stituents , whcii iron is cbaimcd into sonKithinif 
difi(‘i<‘nt fi(mi itself lluj change ;ihv;tys consists 
in the addiiii^ on to tln‘ iron some othei* 
sulfstiince, or sonu' other substances. Iron is 
oni‘ of the relativf'ly siniplcj kinds of niatte.r. 

I.i tin* next cha]>t(‘i’ I'crtain cxaTnj)les oi 
(j]i.inii;es of Tnntt<‘r aviII b(‘, consid(*red in sr)ino 
detail, witl> the <>bjccl of becomiiiLt ac(|uaint(id 
with the ni(;thods tlial ar(i used in investigating 
thost* transmutations which ai'c classed together 
as rhcvdcal rha/Hfcs, 


OIIAITKK III 


TKi: (•I^1^VIST^S (’LASSIFKMTION OF MATFIUAL 

TjnN(;s 


All tlie wonderful changt‘s tliat [)rocecd in 
material things anaind ns, and all th(‘ changes 
that (;aii b(‘. ]n‘odiicod in thes(; things by man’s 
llevicc, are (htlnn* occuiaenc(‘s wdien in the com¬ 
position, as W(;ll as the properties, of the matter 
affected, undergo modiheation, or they an^ 
events in which tlie (•orii[)nsition of the mattijr 
de.dl wdth r'Uiiains unalteia'd although its pro- 
])orlies arr; changed. (’hcniistry is concerned 
with those phenomena which are marked hy 
(diange of composition ac(‘onipanying change ftf 
properties; and the object of chemistry is to 
study those transmutations that occm* sirriub 
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trincously in the composition and properties of 
definite kinds of matter, and to express the 
results of this study in g(mcral statements whieli 
hold good in all [)arlicular eas(5s, and which 
connect, or at any rate suggest conncitions be- 
. tween, the ehemicnl asi)ects of natural j/neno- 
mena and the other parts of these phenomena. 
The chemical study of any oc.currencc j)r\isent’i 
two lines of irujuiry ; tlio cG.n])ositions of all the 
substances that take part in the oc(iurrence 
must be studied, and the prop(*rties of all these 
substances must be studied. It is on these lines 
that our examination of the (‘homist^s dealings 
with nature must j)i’oceed. The chcmiic^al (ex¬ 
amination of any natural occurnmcij is an 
examination of ojdy a. part, it may b(i a small 
part, of tlui whoh*. event ; but the chmnist is 
l)ound to make his [)ai t of the incpiiry as com- 
[)lcte as ho can. Nature defies complete analysis; 
nevertheless, the st udent of (aich ])art of nature’s 
working must do his best to take, out the f(.>lds; 

Cj ^ ^ 

remembering alwa}s that much will I’cmain foi* 
the Avorkers in otlua* branches of natural know¬ 
ledge', a,ml, not forgetting, that wheii the men of 
science have completed their impiiims, there,\s 
need of the rc^alising grasp of the man of im¬ 
agination—the man who sees and can exjwe^s 
his vision —to bind together the parts into a 
unity which satisfies. 

All material things can be placed in one or 
other of two class(*s ; they are either things like 
iron or things like wood : that is to say, thc}^ 
are cither things Avhich have not been separated 
into dissimilar parts, or they ai'e things which 
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have beccn sc^pai’ated int(j unlike portions. }hit 
elicmistrv does not deal Avitli all material things ; 


this hraiieli of natural knowhidge coiuxTns itself 


with what I hav(‘. called, on p. 3*1, “ definite^ 
kinds T)f iiiattei’/' Tt is sometimes said that 


chemistry deals with changes occurring in 
“homogeneous bodies.'’ ^Vhat is meant by 
the^e expressions, “definite^ kiTids of matter,” 
a.nd homogem^ous bodies”? They are used 
to convey'tlui same meaning, ^^hat, then, is 
their meaning? 

You arc handed a enp or colTee. at the break- 
ia,st table. You sip a little to find whether 
there is sugar in it or not; your sense of taste 
detects the [)r('serice or al^sence of sugar, The 
coticc is too strong, you pour hot milk into it 
that the ne\itral taste of the, milk may tone 
down the aromatic flavour of the coffee; and if 
you put in too mii(*h milk you reiiKcdy that ])y 
addirjg more cofTee. Each ingredient of the 
bevcuige you ani drinking—infushm in wat(‘r 
of coflee beans, milk, and sugar —cari-ies its own 


special proneities with it, and retains those pro¬ 
perties in tile mixture you eonsurnc. You would 
L-ertainly bci sur[)ris(‘d if the addition of a lump 
of sugar made the (‘oHee bitter, or if pouring 
in milk ch^epened the eoloiir of tlui lirpiid in 
your cup. A cup of coih'e is not a “definite 
kind of matter”; it is not a “homogeneous 
])ody.” It is made of, at least, three different 
substances, aud each of these ntains its own 
properties in thc^ product of tlie mixture of 
them. A cup of coffee is a mixture. A chemist 
asked to examine this mixture would examine 
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the eoTn})ositinii and ])iopertit's of the milk, the 
siij^ar, and tlui eollee l)eans, sc])aT*ately. Th(i 
liquid you <li ink/’ lu' would .s;i\, “ h.is no distinct 
and [)recise |)ro])erties of ils own; oiu' man 
lak(‘s his cotVee hhirk, anotlun* li:is Ids n.>>stlv ;dl 
milk, a thud can't drink colha* with sni^ar in 
it, and a. fourth puts half-a-dozen lumps of sui^ar 
into a. sin<>;le cu]>; yiit 1hes(‘ diflenml mixiUi’es 
arc all called eollee.’ ' Tiie ordinaiy collee- 
drinkm- huilds up his bev(irai;e on a loundation 
of coflee Ix'ans ; and In^ is ahh^ to distin<.;uis]i, 
by Ills s(*ns<* of taste, tlu' dilVeiciit ])arts of tlu* 
building. 

Now suppose a in.in is a connoissimr in eollee; 
ho cannot diirdc his coflei* unless it is iiiadci from 
freshly loasted l)eans ; :nid, that the pioci'ss miry 
be stopjied exactly at the i lyht point, he roasts 
his beans each morning bidoni breakfast The 
roasting prot(‘ss lirings about a dia‘.J) seated and 
jxumanent change in tliii beans; light-eoloui-ed 
and nearly odouidess ihings aii‘. changiid into 
mahogany-browui and odoriferous substances ; 
from sonn'w hat insi[)id tilings ai (‘ produced things 
wliosi' taste IS [)l(iasing to th(‘ palate. As the 
chemical changes ])rocei‘d in the roasting bei^n.*, 
th(i sense of smell en.ables the trained o])erator 
to follow^ t}iON(‘ chaiigi's stej) by step. It is surely 
in.qiossiblc that something with that all-|)enetrat- 
ing odour was actually In the um*oasted beans, 
and that the roasting is merely drawdrig out. w hat 
w'as already there ? The senses (Jeelare tliat muv 
sVibstances are being formed as the roasting pro¬ 
ceeds, The fastidious coli'ce-drinker who roasts 
Lis own 1)oans morning by morning daily carries 
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out ()roc(^s.s of pr.'UiticLil ch(‘iuit5tiy, ;ui(i cvciy 
Tuorniii^ lie im})rc.s;^(‘.s on tlio sciis(*s of tlio house¬ 
hold tile singular accuracy of the schoolhoy’s 
designation ot that hraneli of science. It is trin^ 
that theT;orise of smell do(‘s not enable an ordinary 
person to deiermine whellici' the odorifeious 
emanations fi'om tlie roastintr beans consist of 
several iimredicnits, <lilierin<» in irradations of 

O O O 

piijuaney, or wln'tliei* tin? smelling thing is omi 
and undivided. Hut at anyrate a marked ehange, 
and a fairly deiinito ehangti. is being brought 
aljout: the luiroasted material is not a inixtin'e 
of odourless heansand a, smelling substance ; the 
toasting undoubtedly calls into ('xistenee kinds 
of matter that wer(‘. not. there before. 

d\ike another example. Heer is a mixture of 
many things * its chief eonstitmmls ai'(‘ water, the 
soluble ])ai’ts of ho[)s, fnnt sugar and other snb 
stances fr’om malt, and alcuhol. If a hotlle, of 
b(‘er i# distilled until about three-fourths of it 
!as disapyearcal, ami the \at)our tl).i,t conies off 
is condensed to a liipiid, this colourless li(|uid 
contains all th<3 alcohol that Avas in the beer. If 
the colourless liquid is distilled rrqx'atodly, and 
tfic last distillate is hoilt'd with burnt lime and 


then distilled again, almost pure alcohol is 
obtcained. And it is possible to sepaiate the 
small quantity of water that is mixed with this 
alcohol, and so to produce what is called ‘hihsolute 
alcohol.” By taking advantage of certain pro¬ 
perties of alcciiol and water, respectively, the 
alcohol that is contained in ])ecr can be separated 
from the water and the other ingrediemts of the 
beer. The alcohol retains it.s own properties in 
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the mixture of alcoliol and otlier things we call 
beer. The beer can be sorted out, by distillation, 
into unlike parts of whie.li alcoliol is oih‘ ; and a 
mixture of these parts lias the ])roperties of l)e(*r. 
Ihit by no mere sortiipL; process (!a.n alcohol , 1)0 
separated into thiipj^s unlike itself: nor can 


alcohol bo prodm^cd by mixing other things. It 
is true tliat alcohol has Ix^^en se^parated into unlil.j 
parts or constituents ; it Ins l)eeii scjiaratcd into 


carbon (a substance well known 


as chi'ircoal), and 


hydrogen (a v(‘jy light, colourless, intlainmablc 
gas), and oxygen (also a colourless gas, but not 
inflamniabl(i). Hut the process whereby thes(‘ 
kinds of matter are obtained from alcohol is a 


process of breaking up, it is not a sorting out, 
like sifting coaiserfroin finer sand, ora,n unrav(‘l- 
ling, like disentangling skeins of blue and yellow 


silk. By no process can caibon b^^ removed 
from alcohol cxcc])t liy breaking up and disin¬ 


tegrating the alcohol. Alcoliol cannot, byt any 
stretching of the term, be caUed a mixture of 


carbon, hydrogen, and oxygen Alcohol is as 
definite and hoinogeiicons a kind of. matter as 
any of its three constitucuits ; only it is possible 
to obtain from a definite weight of alcohol certain 
definite weights of carbon, hydrogtm, and oxygen, 
such that, while the weight of eacdi is less than 


the weight of alcohol us(‘d, the sum of the weights 
of the three is equal to the weight of alcohol used; 
whereas no one has succeeded in subjecting car¬ 
bon, hydrogen, or oxygen to a jiroeoss of disin¬ 
tegration, or simplification, similar to this. 

Chemistry, then, is concerned witli the changes 
of comixisitioii and properties that take place 
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when one definite kind of miitter is tninsmuted 
into other definite kinds of nuittcr, or when 
several homoi*eneoiis bodies interact so as to 
produce other hoinof^eueous ))odies. 

u is true that most of th<^ definite kinds of 
' matter with which the* ehmnist has to deal are 


'dvvMi to liim mixed one with another. Pure 

1 4 

watej* is a perha tly^distiiet substa-iice ; the pro- 
p(‘rties of any poition, Ijowawta* small, of a 
<|uantity of ])nre water ani iihmtieal with the 
]n*operti(Js of any other j)Oi*tiun. I>ut pun* water 
Is never found in nature ; one may e.ven say that 
no man has (‘ver s(‘en or handled al)solul(‘ly ])ure 
water; it is an id(*al substance., to which some 
specirii(*ns of hii;iily jnirilied watci ha\e nearly 
a,pproaelicd. Natural waters are com])Iieate(l mi\- 
lures; but the proportion of im[)urities, that is, 
substanc<‘s \vhieh aie not water, in j^ome kinds of 
lake waters, and in the rain that falls in placi's far 
troin l!"unan habitations, is so small that such water 
may be spoken of ift ordinary langua.e;e as ]>ure. 

Again, the substances that are commonly usial as 
fuel are iiii:#tures, each of several distinct kinds 
<^f matter or homogeneous su))starices. Tak(^ for 
instance parallin oil. If a homogeneous li((uid is 
boiled ill a flask with rather a long neck, a ther¬ 
mometer placed in the neck of the llask will 
i(\gister the same tcm]K‘ra.ture as long as any 
boiling liquid remains in the flask. But if 
{)arafiin oil is boil(‘d iind(n’ these conditions, the 


temperature oP the vapour that is given off is 
shown hy the tlieraiometcr to change very con¬ 
siderably. By c.ondensing to liquid all the vapour 
that comes off while the thermometer varies but 
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j»lighlly ; thou chari<^ini< the <*ollectins; vesseJ, and 
I’cceiving in it the liquid lliat distils ()V(;r while 
th(5 thermometer marks another small variation 
of temj)eratiire ; tlnni again changing the^ vessel ; 
and so on: and by re])(‘ating these processes 
many times with each of the several ])or(io]is of 
li(|uid in tlie collecting vessels : —by sm‘li a S(;nos 
of tedious ojxT.itions, pyrailii^' oil can lx* sorted 
out into many distinct j)ortions, each of which 
is a homf)gt;jieous bhjuid with its own distinct 
and characteii>’tic |)roj)erties. 

Once more, th(5 rocks, clays, sands, and inimn’als 
that arc sj)oken of under (hdinite iianies iji 
mineralogical or geological b<K)ks aj-e mixtur(\s, 
and some of them are v(‘ry complicatcxl mixtines. 
The geologist classili<*s nx'ks under such names 
:ls sZu/c, arhisly /f'lsjjfn’y /nicd, (/mtrrjy syi//^/.s7o//c, 
Umrsiotify and the Iik(i; and a, elassiliea,M’on of this 
kind is sufheient for his purposes. ^Vll the rocks 
called Hckidy for instance, ar<‘ mon? like* one 
anothta* to the g(iological oy(^ *than th('.}earo like; 
a?iy other rocks ; when the geologist has divided 
the schists into such subclasses as srhl,sty 

hm'/ibkfifle schisly and chlorilr srhi^fj he has carried 
the sorting process far (uiough for tlui purpose ot 
distinguishing broadly one variety of rock from 
another, so that the story of the formation of 
masses of rock may be stated in intelligible 
terms. Ihit if the chemist has to deal with such 
mixtures of definite substances as dillerent kinds 
oilimestoney his first business is td'pick out, by 
some suitiible device or approimiate machine, the 
definite kinds of matter of which each variety of 
limestone is com{)oscd, and his next business is 
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to lilul out liow f;ir lit' c;in carry th(‘ pi’occss of 
simplification ol ('ac'h of thoc. (I(;fiiiit(i kinds of 
riiatlor. Wh*n In^ has (let(‘i inincd wlii<‘h of those 


simph'st kinds of niattei* whcrointo he has suc- 
<*(*(2<led in disinteLO'atinir all niaUnial sid)staii(;es 
enter into tlio composition of each distirnit and 


definite snbstarna; obtained from tln^ various lime 


stom s, and when Ije haj deteianiiied the quantity 
of each sim[)lest kiml of matt(*r in a dedinite (juan- 
tily of each homo^iau'ous suhslance sort (;d out of 
till* limestones, tlnoi In; has ])(!rfoinu‘d his task so 
far as tin* com[)osition of tliose mixtures that the 
ueolcji^ist calls limestone is’com erned. 

t ' tj 

Althont;h the chemist, does not b(;i;in his proper 
wau'k until the mi\tni(‘s that are found in nature 


hav(j )>ei‘n sorted i?ito their distinct and liomo- 


j,<;m‘ 0 us eorn])onent-s ; although, in otheu' words, 
clnmiistry ^js not concei ned, strictly speaking, 
with mixtures, but. only with thosc^ <l(;finito kinds 
of III fitter tlie smallest jiaits of wdiich that can be 
obtained, by any 4\ind of sorting ))roc(‘ss uhicli 
does not involve the liieaking up of the. subsLince 
are idemtival in ])roperties with one another; 
although this is true, nevmdheless the chemist is 
so often oldiged to prefaces liis proper work by 
acting as a sittc'.r of mixtures, that 1 should like 
to say a litthj more on tln^ meauiiig of the terms 
mixture and hainoyeucouiy budi/, ami to illustrate the 
intermingling of thesii tw^o classes of substances 
in some well known matc'rial of e.veiyday life. 

1 shall tr}i to illustrate this point of fiunJa- 
mental importance \)y sketching the processes 
wdiereby beer is manufactured. Malt is made by 
causing germination to begin in barley, and then 
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stopping this process by lieating in hilns. A 
definite sul)st.*ince ealhid (lias/nse is jH’odnced in 
the germinating 1^.1 rley, and this su])staiieo is able 
to convert starch into sugar. The malt is crushed 
and agitated ^vitli \val(*r in tuns, at a tcmpcratu);c 
of 50' to 70" C. [120‘ to 170" T.]. 1’h(‘ li(pior 

that is drawn ofi‘ is known as worl; it is l ich Jn 
sugar ])i*()(lueed by the ae/jon <>f <liastas(‘, on the 
stanch of the l)arli*y. The woi t is now boiled 

^ f 

with hops, wher(*])y sonu; of the bitter substances 
in the hops go into solulioii and impart their 
flavour to wort The liquor is tluai cooled 
rajndly, a little f/nisf is added to it, and it is k(ipt 
at the temjx'ratnre. which exjxniimee has slnovn 
to bo most favourable to tin? change of sugai', by 
the action on itof yiMst, into alcohol and carbonic 
acid gas. Th(» f(‘rnu‘nted li(juid is stored in closed 
barrels or bottles ; and a (diange, called ^jc'eoFidary 
fermentation, goes on slowly, and })rodnc(\s a vei y 
little more alcohol, and a small (juantity of‘ ar- 
bonic acid gas whirdi (*oll(‘ets in tin*, licpii I, and, 
by escaping when the barrels, or the bottles, are 
opemul, causes brisk eflervescence. 

The princi{)al cheiiilnd vhangeH that take ])lace 
in the making of l)cer arc the conversion of star*ch 
into sugar by the action of diastase, and the 
transmutation of sugar into alcohol and carbonic 
acid l)y the aclicm of yeast, hi these changes, 
definite kinds of matter are converted into other 


definite kinds of matter; and each change of one 
homogeneous body into other homogeneous bodies 
takes place under definite conditions. The homo¬ 
geneous kinds of mattiT chiefly concerned in the 
processes are stai'ch, sugar, alcohol, and carbonic 
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Mcid giis. Starch, sugar,and alcoliol have l)ocn sepa¬ 
rated each into throe dissimilar constituents called 
carbon, hydrogcm, and oxygi ii, rcsj)e(itively ; and 
carbonic acid gas has been soparatod into carbon 
and oxygen. Hut no one of those three lioniO' 
geneous bo«lics, \vhic‘.li are ll)c constituents of 
starch, sugar, alcohol, and carbonic a.cid gas, has 
itselt been disintegrated into uidike ])ortions. 
These three delinitc kinus of matter are tlui sim¬ 
plest constitiients of the other four ch'finite kinds 
of matter. A definite ({uantity of any one of the 
four things, stai’eh, sugar, alcohol, or cai’bonic 
acid gas, is always compnsed of fixi'd a,nd unalter¬ 
able (plant!ties (jf its simplest constituents. For 
instance, 100 lbs. of ])ure fruit sugar are always 
composed of 40 lbs. of carbon, bb - lbs. of oxygen, 
and 6;^ lbs. of hydrogen ; arid 100 grains of any 
sjieeimen of ])ure carbonic acid gas ari^ always 
composed of 27 27 grains of (;arbon and 72’72 
grains of oxygem. Morc^over, if pure fruit sugar 
were con^dctely chaiigi'd into alcohol and car¬ 
bonic acid gas, and into these suhstanees only, 
51*1 oz. of alecjhol, and 4N'9 oz, of carbonic acid 


gas would always be obtained from 100 oz. of the 
fruit sugar ; and if the whole of the sugar wen^ 
not changed into alcohol and carlionic acid gas, 
the weights of the three siibstaneesj sugar, alcohol, 
and carbonic acid gas, concern( m 1 in the change 
would always be related in the proportion of tlio 
numbers 100: f)l*l : 48 9, or of whole multiples 
of these numb(*rs. 

These deiinite chemical changes—namely, tfic 
conversion of starch into sugar, ai;d the transfor¬ 
mation of sugar into alcohol and carbonic acid 
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gilb- -proci*e(l (liirini; th (3 of l>oer in a 

liquid whicli is essentially a niixliir(‘. of vejy 
miiny substances ; neverthcl(‘ss tln^ (dunnical 
changes taktj place under cca-tain conditions, 
the chief of which are lh(‘. juvisence of dia4i,ase^in 
oiKi of th<i chaiii^es, the prtisciici' of ytjast in tlie 
other, the presciu'e of water in both, and tlie 
inaintcnance of a suitable^ ranof tein]>erature. 
The amount of wat(;r addeal for (nicIi ton of malt 


varies iri ditfenuit l)re^\ciies ; ojk; specimen of 
barley is richer in starch than another ; one kind 
of liop.s conkiins more of tin? l)itt(‘r substances 
that llavour l)oer lluin anotliei’ kind; and the 
German brewer carries on the fernientatioTi [)ro- 
cess at a lower temperature, and inorc^ slowly, 
than the Enu;lish bj-ruver. Variations in tlie 
quantities of the main constituents of beer a!*e 
allowable, provided these variations are ke[)t 
witliin limits ; and variations in th(‘ conditions 


undm* wliicli tlie (jhernieal eban^es jiroceed ,may 
also ]>e made, but only within, a liniite<,l ran^e. 
Beer is a mixture ; but it is a mixture of not 


very varying; quantities of certain definite kinds 
of matter, the [irc^enee of each of which is essen¬ 
tial, in quantities that vary considerably of other 
kinds of matter, some of whiedi arc detinitc sub¬ 


stances and all of which can be r(‘solved into 


definite substances. The art of bn*wiiig is not 
accomplished by mixing certain things and calling 
the mixture beer. It is a much more difficult 


business than that. Certain thu?gs must be 
mixed, and the conditions must be arranged so 
that some, but not all, of the constituents of the 
mixture shall react to produce fairly fixed quan¬ 
tities of certain other perfectly definite things; 
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.‘lihI if the j)ro 2 :)er limits of the conditions are 
])assed, the new tliiiii^s, by the jirodiiction of 
which Ml diKi (jii;mtiU(‘s Avort is transmutcid into 
be(ir, Avill not l>e Iot^tikuI, but otlicr- things will be 
form(3(^ instead, and the final result will be a 
liifldd winch, Avhatevi'r it may be cidled, is cm 
phatically not beer. 

Many ])eople lik(‘ to drink their beer from 
pewter. As tlu‘y poin the b(‘er inlo the p<‘wter 
mu^, they- ar(‘- pounne; a liquid which is the 
proiluct of many chemical ehang(\s into a vessel 
made by mixing, not chemically combining, two 
metals. I’ciwtm* is mad(‘*bv melting a mixture 
of about four pa,rls of tin uith otk*. jiart of lead. 
Tlier(‘ is no eliang(' into luiu kinds of matter. 
The proj)(‘rties of th(‘ j)ewter are, on the whole, 


the mean of the pro])C!rlies of l.lie hiad and tin 
of which it is composed. 'The coloiu Ls brighter 
tlian th(! chlour of lead, but duller than that of 


tin ; pcAVli'r is liai’der than lead, but softer than 
tin. From a knowhalgt^ of tlui pK'jierties of lead 
and tin om* could jiredict, v(‘ry fairly well, the 


proj)(M’ti(‘s of tile mixture of these nu'tals called 
[)ewter. I^loriaivci dilVermit sfieciimms of pewter 


contain diflerent relative (|uantities of lead and 


tin ; one specimen may contain as niucdi as !)0 
parts of tin p(‘r liundr ed of jxnv ter, while am^thor 
contains l(*ss than 70 pei' camt. of tin. Pewter 
does not belong to the class of ‘definite kinds rif 


matter N)r ‘ homogemeous bodices’; by processes 
which are essentially sorting or disentangling 
pi(jecsses, the constituents of jiewter, lead ;tnd 
tin, could be obtained from pewUir. 

\Try many mannfucturing proces.ses are based 
on delinito elieiiiical ebangcis ; but the products 
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turned out in nlmost (^vory branch of the clieniical 
industries arc niixtuics of several detinito hinds 
of matter. Foi* this reason it is generally easy 
foi* a chemist to lay do\vu what may be (tailed 
the. tlujory of a ch<*mical inanufactuni; ibut it is 
very dillicult to ap]>ly the theory to the coifipli- 


ca.ti'd, semi-chemical, conditions that [)r(;vail in 

the factorV. 

■ 

In tiyiiii^ to underslatid chemical occurrences, 
and to arrive at ^emnal statements which shall 
(‘xprc'^s whar liolds good in all tliose transforma¬ 
tions of matter wlnarin composition and pro¬ 
perties change togcUiei’, must coniine our 
attention t-o tin*, homogeneous bodies that are 
conc(;rncd in the events w('. study; wc must 
simplify the natural occurrences by delii)eratcly 
cutting out all those ])arts of tlnmi which have 
not to do with dcdinitci kinds of matt(*r. 

Tt Avas said (]). .‘U) that all material things 
may be arranged by the chemist in two classes : 
tiiey ai'o cither things like iion or things like' 
wood ; that is to say, tln^y are things that, like 
iron, hav(^ not beam sepai’ated into unlike parts, 
or they are things which, like wood* have been 
si'parated into dissimilar ])ortions. We no\l 
know that the. class of wood-likt; things must be 
divided into two sub-classc's : things, the com¬ 
position of which is variable within limits, and 
the separation of Avhich into unlike constituents 
is efT(‘cted by sorting processes which do not 
iin'olvc the complete disintegratioy of the things 
themselves; and things whose composition is 
always absolutely the same, and from which 
unlike portions can be obtiiined only by breaking 
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u}) Jind (l(!stroying tlic tilings th(*msclves. Wood 
is iui cxaiii])lo of tho tirst of those sub-classes, 
and sugar is an ('xain[)lo of the second. Wood 
is a mixture of many homogeneous bodies, ami 
dillei-fjtit specimens of wood diiler in the relative 
(jfianlities of their component substance's; sugar 
is a particular homogeiK'ons body, and all speci¬ 
mens of ])nre sugar have exa(*tly the same com¬ 
position. (diemi.ftiy concerned with certain 
tihanges occurring among homogi'aH'ous bodies: 
and the.s('. bodies ai<' eitln'i’ lika^ ii'on, in that 
however nuieh they aie divich'd the particular 
propeiti(*s of all the pait^ aii' idc'iitical; or they 
resemble sugar, in that tlu'V caai be separated 
into simph'i’ homogeneous bodies whose special 
proiierties are ditrei('nt from tliose of the more 
com])l(‘x homogeneous hodi('s out of which they 
have bei'U taken. 

It- is coiiV(‘nient t-o give class-naiiuis to the two 
kinds of homogeneous hodu's. Those that are 
lik(''iron ai’ii caljed , those which rc- 

S('jn 1)1 e sugar ai‘(; named Cinnponutls. 

We have uoav arrived at this point. All 
material snl>stances (iitlier have, or have not, 
been resolvcid, or sc'parated, into unlike portions, 
that is to say, every kind of matt(*r l^elongs to 
OIK' or otluM’ of the classes 



CEMENTS. 


NoT'Elements. 


P>ut some of those; kinds of matter which are 
not eh'Tuents^ wliich have been separated into 
unlike portions, are jHafectly detinite ho^no- 
geneous Ixalies that cannot he sorted out into 
their dissimilar constituents ; and other kinds of 
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matter bel()Mi;in^ to tlie class not-cilcments an' 
mixtni’os of lioinoi^eneons IxHlics, .um] (lj('y enii 
Ixi sorted out-, or disentan^hxl, into th(ur dis¬ 
similar constituents. We now express our 
scheme of classifieatiou in tins way ; 



LKMKN'l’S 


A’oI-ElImMMNTS 


M t.rifues C'Ompo* ‘itds 

It is e\id(mt t-liat the .%me•result is arrived at 
hy the f(>lIo\vine; ari-anyeimuit of all material 
suhstanees. 

M IX '1' V 11 Es N ( )T- M ] X 'r u n iis 


Idenirnf^ ( 

(diemistry d(‘als A\ii-h reitaiii el)ari^(!S that 
take place, among Klenients and (>om])oiiiKls ; 
and thesii changes are tiio^ti in which holh com- 
position and ])ropi‘rtics aii‘. allecOxl. 

Turn hack for a moment t,o the Illustration, 
Used in last ehaptcj*, of the gann^ with a box 
containing a. great many dhlercmt substances 
(s(ic p. lih). Nothing is to be broughf- into, or 
to 1)0 taken out of, tlu* box ; but the conUmts of 
any s[)ecial ])aice-l in the bt)X may be (^hanged. 
Om* of (he ])la.yers examines the contents of 
[)arccl ; the other player then takes something 
out of the pa?cel, oi' ])uts soim'thing into it, oi‘ 
does both of tlu'se a(*ts, or does not change the 
cont(;nts of tliii [)areel ; and the first player has 
to find out wliich of thci four possible moves has 
been made by his opponent. All the substances 
iiuthe chemist’s box are either elements or com¬ 
pounds: as his box is the earth, or a ])ortiori of 
the earth, it contains a vast number of things 
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whicli are mixtures of elements or compounds; 
i)Ut ])cfore the game really begins we must sup- 
[>oso that these mixtui’es have been sorted into 
the compounds, and in some cases into the 
chmient , of which they are coiTi|)osed. The 
first thing to Imj doiio by the chemist would bo 
to determine the (piantity of each individual 
elenAmt in the box, and also in the selected 
parcel; and the next thing would be to resolve 
(ivery conijaruial in the box and every compound 
in the ])a.rcel, into its elements, and to determine 
the quantity of e,ach one of the various elements 
that could he obtained froirt a- deiinite quantity 
of each particular compound. To do these things 
would involve the consnuit and aceiiiate use of 
the balatuic. Having done these things the 
ehemist would know theijuautity of each element 
that was present, uncombined with otlier elements, 
in the box, and in the jiarcel; and he would also 
know the (piantity, and the (piantitative coni- 
position in terms of (ileincnts, of every com- 
liound in^hc box and in th(‘. jiarcel. When the 
op])onent had made his move, the chemist would 
again determine the (piantity of each uncombined 
^4cmcnt, and the quantity of each compound in 
the parcel, and in the box; and he would fijllow 
this by making a deti'rmination of the (pianti- 
tativc composition of every compound, and ex¬ 
pressing the results in terms of the elennmts 
that compose the compounds. lie would then 
he able to state exactly what the opponent’s 
action had Ix'cn. Ho might say, for instance, 
“ Here are the contents of the parcel before, and 
after, your play.” (See over page.) 

D 
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“ 'I'hese results show th;it you have rearranged 

(lie eoinhinations ol’ souk; ot tlie ehuuents ; you 

1 

have; caus(;(l eleiiieiil v/ to enter into eomhina- 
tioii with other eleuients that wore ju’csent 

ill eoinpounds Avliicli jaai liave split 
up; you have tak(*n tlu‘ (‘IcuuMit away fi'oui 
tliosc; eh;uionts with which it \\as coiuhinod; 
ami you have hrouii^ht a new olonioiit, //, into 
one of the now conijiounds that In-ivc been 
made. It is i;vi(lont tliat/ tin* <‘ont(MU.s of tin; 
l)o\ outside tin* ])ariol have been chani^od, 
liy lenioving ID'o!);"! i^i'ains of thi‘ elianimt II, 
and brin,i;in^ that inside The jiaria*!. Now 1 
know that iIkui* was uoik' ol that- (‘lenient 
![ uneornbiiK'd Avith ollu'i* t'leinonts in the 
bov ; thorefoia*, \'ou ha ve broken ii]) some r*oni- 
jjound or eoinpounds of //. W hat you lia^e 
done 1 can lind out, {’\aetl\', b\' an examination 
of the eontents of tin* box simitar tn llu; exam¬ 
ination I have made of tht‘ contents of the 
{lareel.’' q, 

ddiis illustration conve\'s some noticjii of the 

i 

kind of xvoi'k eheniists have done, and are do- 
ini^, in elucidating tin* compositions of material 
Aiinirs. Th(‘ labour is V(*rv maait, and it is made 
a little tedious by tin; sameness of many of the 
oj)(!rations. Rut m;w ditli(;uUies an; nii*t at 
(ivery step; and the elForts and ingenuity that- 
are needed to overcome these difliculties give 
freshness and interest to this ])art of the work 
of chemists. Tt should be rcmembcri;d that the 
study of composition is only a part of the stiKly 
of chemistry; for the object of chemistry is 
to connect definite changes of composition xvith 
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definite changes of projierties ; and to generalise 
the results of that twofold study in statements 
which express the esseiitijd chai*acteristics of 
every case of chemical change, in statements, 
that is to sa}^, which are general laws. 

About seventy dilTerent kinds of matter arc 
known at ]jrescnt, no one of whiiih has been 
separated into unlike parts by any process to 
which it has been subjected; these are the 
(‘hiinents by the combination of Avhich an in- 


nunna'able array of compounds is formed in 
nature and in the lahoj’atory. (Considering tliat 
the list of elements is mui'h larger to-day than 


it was thirty years ago, it is almost ciatain that 


now (elements will he discovered as tlui instru¬ 


ments of chemical 


research become keener and 


more d(;licatc. but at pr(*sent it may be said 
that the compounds Avhich w(* find in rocks, 
soils, and waters, in living things, in the air, 
and generally, in or on the enrth, are formed 
by the union of two or mor^. of th(*so seventy 
elements. And by bringing together (dements 
and compounds in the lahoiatory nnder con¬ 
ditions different from those which prevail in 
ordinary nature, the chemist has built up thou^ 
sands of compounds the study of which has 
thrown floods of light on the problems of what 
may perhaps be called natural chemistry. 

Wo cannot say of the elements that they 
are unchangeable ; for we know that some sub¬ 
stances which the chemists of half a century 
ago called elements, because they could not 
get out of them anything different from them¬ 
selves, arc now classed among compounds, be¬ 
cause more })Owerful instruments, of research 
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have enabled the chemists of to-day to separate 
these siibstaiicrs into parts, eacli unlike the 
original, and one unlik('. another. A similar 
fate nuiv biifall the kinds of matter we call 

V 

(;lemen«s to-day. Bnt until a. homogeneous body 
has been disintegi*ated into dissimilar ])ortions it 
must remain in tlu', list of cbmients. Although 
we cannot aj)ply the expression niirJiaiufnihU 
to the elements, yet we may spiNik of them 
as 7uu‘luvn(fih,il \ for, so far as our ex[)in’inicntal 
evidence go(‘S, none of them is e\(‘r broken or 
shatUTcd. They ai'e the building stones of the 


chemical architect \ 


the stones wherewith he 


fashions many strangt‘ 
unlike the; matei ials 


edilices that are tob illy 
us(‘d in their (ireetion. 


You do not se<; the individual stones in the 


striictuj'es which the chemist Imilds; because 
the buildings are so urdik(‘ ivliat you would 
expect from looking at the nubiiilt materials, 
and because the joints ai e so delicately tinished, 
and tlie stones so Uuly lit ted, that your eyesight 
is not keen cuough to detect thc^ se]jaiatiiig 
lines. Ihit.all the buildings can be taken to 

i )ieces; and when this is done the original 
building stones are recovered absolutely un¬ 
changed. 

Jn cha])ter 1. I (piotcd from an alclumiist who 
said; There abides in nature a certain form 


of matter wliicb, being discovered and brought 
by art to pci-fcctioii, (amverts to itself, pi’opor- 
tionally, all im])crfcct bodies that it touches^’^ 
I shall conclude this chapter by (pioting from 
a great living chemist. “ In chemistry wc 
recognise how changes take place in combina¬ 
tions of the unchanging.’^ 



OJiAPTKK lY. 


TTiy, OOAIl’OSri'TON (»K noMOGKNKOUS ISODIliS. 

I 

) 

(.'llKMTr'AL chaTiir(*s ;ire those' whor(*in L'lemeiith 
coiiihinc Avitli to form coin])ouii(ls ; or 

(‘lemriits inlc'ract witli cpinjxjnmls, or compounds 
react 'Nvilh otlicr compouiuls, to ])ioduco lunv 
arrange',meails of (*l(‘mciils. In cvciy one of 
tli(‘sc cliaii,ii;cs, in (‘very material change indeed 
whethei' it ])e chemical or not, one thine; rmiiains 
nneliane(‘d ; tlie total ((iruitity of maU(*r tluit 
is concci*m‘d in tin', (‘hanee is the same at the 
end, as it was at the iM'yinninL;, of the process. 
AVlien sul[)hnr is burnt in a stri'am of air, and 
the gaseous oxide of sulphur that is produced 
is bron^^ht into contact with a sutlicient quantity 
of anotlnu’ gasi'ous oxide calhal nitio^eii dioxide, 
and a sutlicient quantity of vapour of water, and. 
the acid licpiid formed l»y4lH‘se ])u.)cesses is 
evjq)orat('d and tlnui frozen, the, (pmntity of 
})ure sulphuiie acid that is obtained is eic*at(ir 
than the (juantity of sulphur tliat was burnt; 
but it is ftreatiu’ by exactly tlie sum of the 
quantities of oxy.eien and liydrogcn that have 
been r(*iiioved from the nitrogen dioxide and 
the steam which took part in tlie conqileted 
change. Otlu'r comixmnds besides siiliihuric acid 
are formed in this chemical pi‘oc(^ss ; and the sum 
c)f the weights of all these eomjioiuids is exactly 
equal to the sum (^f the weights of the elements 
sulphur and oxygen and the vai’ious compounds 
that reacted to produce the new compounds. 

54 
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When salt is lu‘ate(l with sulphuric acid, aud 
the s:dt cake that is one of the products of 
this ri'actiou is Tnix(‘d wdtli (‘oke aud liuie aud 
stroiijL^ly luNited, and tin; solid product so oh- 
laiu(‘d js lixivia !(‘(1 witli water aud (‘.Vii])orat(‘d, 
i rfstnls of w'ashiui; sod:i arc produc(‘d, \'arious 
other coiu})oiiiids hesid(‘s washiui; soda a)‘e 
torwed in this c\'cle of chaui’(\s , aud the sum 
the wa'i^hts of# all itlic compounds that are 
pi educed is csactlv iMjUal to th(‘ sum ot tlui 
W(‘i<^hts of th(‘ elements aud compounds that 
hav(‘- interacted to ])rodiict' them 

ddie e/’ file (nusrrniimu nj is the name 

ii;iveu to the statiumml that tin* total <jua,utity of 
mattia* oi, as it is ^ema.dlN said, tlu' total mass 
of maftm* coucca iied in aiiv matia i.il <*liaime is 
the s.ime at tlu'. end as it was at th(‘. ))ei>inniim 
of the change, ddiis law' is the foundation of 
tin' scah'iic'' of chemisti‘\\ d1n‘ recognition of 

I f 

tliis law' has chaimeil chemistrv fiom an inten'st- 

O t 

imr recreation into an exact, and niucli more 
inten'stilii;, sciem^x 'Die h-uv is one of the out- 
<*omes of innumerahle ohservations w'liich, carried 
on for ceirtiuies, havci hecimie mailiudlv morti 
and more accurali‘. Tlu' truth of the hiw of the 
conservation ot* mass is assumed to-day in ev(*ry 
chemical in(|ui)y ; and the assumption is justified 
hy the i (‘.suits of ('very clumiical iiujuiry. W hat- 
ever new' comjxuinds are ju’oduced hy rearrane;- 
irm collo(*ations (jf (‘h'ments, in w hatevi’r startliim 
and unlooki'd for ways the jirojiertiijs of the new 
compounds dill’er from lhos(‘ of the comp()Ui^ls, 
or the (‘leuK'uts, which r(*act(;d to jrruduce them, 
the total (piantity of matter in the products of 
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these rearrangements is always found to be 
exactly equal to the total quantity of matter in 
the material system before the rearrangements 
began. 

It might hi) urged that the fact tnat chemical 
change is almost invariably accom[)aiiied by 
change of Aveight negatives tlio statement Avliich 
has just been asserted to be a natural hiAv. For 


instance, when ii’on rusxs, the I’ust wcn’ghs more 
than the iron did ; Avhen sugar is heated, the 
charred sugar Aveighs less than the sugar Aveighed 
before it Avas heated ; hiss than a. ton of pig-iron 
is obtained fiom a ton of ironstone; and so on. 
But in ovcT-y one of these ehang(*s something is 
concerned besides the things Avhich have been 
Avoighed: iron rusts by takiiig oxygen from the 
surrounding air, and rust is comj)osod of iron 
and oxygen ; some of the pioducts of heating 
sugar csca])e as gases ; Avhen ironstone is reduced 
in the blast-furnace some of the constituents of 


the ore react Avith the fuel to form gases Avhich 
escape, and some enter into union Avith''th3 lime 
that is thrown into the fuiaiace and form slag. 
If every substance that takes ))art iii’a chemical 
change is weighed, and CA^erything that is prov 
duced in the change is weighed, then it is ahvays 
accurately true that no change occurs in the total 
Aveight of the matter concerned. 

We cannot destroy, nor can wo create, a single 
particle of matter; Ave can ofdy alter the distri¬ 
bution of the various kinds of matter. 


What kinds of things are those seventy elements 
which can be put together so as to produce a 
vast array of different compounds? All the 
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iiieLals arc elcinontary substances; among the 
most common wc have copper, gold, iron, lead, 
inerciuy, silver, tin, zinc, and aluniiniimi which 
is now coming into use ; among rarer metals 
may be mentioned arsenics, antimony, bismuth, 
co]>alt, nickel, and platinum ; and tlu'rc are some 
forty other elements ^vliicli belong to the class 
t)f nfelals. The four fairly common substances, 
carbon, iodine, phos})h(T]'ns, and snl[)hur, are 
(‘loments; the purest form (d' carbon found native 
is the diamond. Seven elements ai'e gases under 
ordinary conditions of tem[)eratur<' ajid pressure. 
Five of the seven ani colourless and odourless: 
one of them, hydrogen, is inllammable, and it is 
the lightest kind of matter known to us ; anothe.r, 
oxygen, is a gas in which any binning body burns 
brilliantly and raindly ; lliii third, nitiogen, is 
neither inflammable nor a supportei* of combus¬ 
tion, it is 'sluggish and combines with other 
•elements only when g'^eatly jirovoked ; the other 
't,wo colaurless elementary gases, argon and 
iielium, Avore discovered but the other day; 
these ])ei’sistently refuse to combine Avith any 
other kin<ls of matter. IVo of the gaseous 
•lements arc yellowish green ; they are clilorine, 
Avhich smells abominaldy, and lluorine, which is 
the most eager of all the elements to enter into 
union Avith others. Favo (dements are li(iuids at 
ordinary temperatunjs ; these are mercury (one 
of the metals), and bromine Avhieh is a red liipiid 
with a smell oven more disagreeable and more 
irritating than the smell of chlorine. Thrfte 
bodies Avhich arc si^lids com})lete the list of 
elements known to-day; boron is an element 
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sc])iiriitcd fi'oin lM)rM\ ; is tln' chanicteristic 

clenuMit of tlu‘ chiys ; and suleiiioii is chemically 
like snl))hur. 

Scv(‘n s(‘(‘m to h;iv(‘- heeii known to the 

.'incients ; niiniely, copjicr, ii;ohI, iron, h';< 1, sHven*, 
tin, nnd zinc ; sul[)hur h;is ;ilso heeii known since* 
eitrly limes. Tlu' idclnmiists wc‘r(‘ ;ic<jn;iinU‘d 
with antimony, arstmic, hisninlli, an<l nu^renry ; 
pliosjdioriis Avas discover'd t.owaids tlu‘. end of 
the stwenteenth century. 1’he ofiier elements 
have 1)(‘en discov(.‘T'('d within about tlic hist 120 
yeai's, and most of tlnun in th(‘ |)r(‘s(‘nt. century, 
(ireat acti\ity in s(*|)ai-atin,u, new elements w.is 
shown by Sir JIninpIn y 1 tivy in tlui (‘arly years 
of tins century, from 1 ^OS to ISIO In^ iso¬ 
lated half-a-(loz(*n lu'w im'tals. Tn tlie twi'iities 
of t-h(‘. century five or six new eleiiu'iits were 

f 

isolated by tin* i^reat. Swedish cln'inist Ihu’zi'lins ; 
eii:ht or niiu'. Avain* disco\ered bet\vi‘cn IS 16 and 
181 ) 6 . About ten new elements ha.Ne Ix'iavadded 
to the list sinc(! 18(16 ; foui' ki the last yiiars’ 
and two of thesci sinc(i tlu‘ end of 

Tlie nami's of some eh'im'nts havj[‘- been e,ivi*n 
to ex])ress a chara<‘l(*risti(^ ])roperty ot those 
elemi'iits. Foi* instance: hydrogen, the wateV- 
producer ; oxygmi, the acid-jiroduciu' ; bi’omine, 
the evibsmellini^ substance ; cJdoritu', the yellow 
one ; ])hosphorus, the light-bearer. The nann'.s 
of other elements have been derived from the 
names of the minerals from Avhich those elements 
AV('re obtained, or from the names of the places 
Afhere these minerals Avere found. For instance : 
beryllium, obtained from beryll; ytterbium, 
separated from a mineral found at Yetterby, 
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ill Sweden ; boion, the eh.-iraetei'i.stic ch'iiient of 

l)orax. d\vo ehnuents liavi' hcen naiiuMl to eoni- 

ineinnrate thcai' diseoveric^ hy a KrtMudiinaii and 

It rcs])e(‘tively ; Uh'sc eUnnciils a.ro yal- 

liiiie a#d ^enuaniuni. Tiic nain(‘^ of ^eveial 

idenTcnts are ])\irrly fanciful * for instance ; tel 

luninn and seleiiioii, tlie. eailli and the moon; 

lanUtluin and niohiuin, from Tantalus and Niohe 

his daimlittM’ ; imncTirv vanadium, Irom a Scan- 

diuMAian deity called Vanailis ; (‘ohalt and nich(‘l, 

from “ Kohold,” a s[)rit(‘, and “ Kuptei* ni<*kel’’ 

Nshicli vas lh(‘ n.ime jiivtm h\' tin* media'Val 

•> < 

Oerman miiu'rs to a mineral likt* «*oj)|)er ore. fiom 
which no coppei’ couhl la* o]>taincd. 

Tliose sivty five or sevt'niy distinct kimls of 
homogeneous bodies, no om* of which has hc(‘n 
broken iij) into pails tlial <n‘e unlike oneanotln*r, 
or ludike the original siibstain.a*, are the building 
stones of tlni eartli, and, so far as \\c can tell, 
of tin* other stars also. Compounds, which are 
themselves also delinitt* subs1am*(‘s, which liavi^ 
d.etinile ])ro])(‘rtics, and tin*, comjiosilion of each 
ol'M’hich is always exactly tin; sann*, an; })rodlu*(*d 
1)V tin* intimate* union of two or more, elements ; 
ftnd mixtures ot comjxmnds, with hcia; and thi‘re 
mixtures of (‘l(;iuents, or of elements and com 
pounds, form tin; solid ciust of the eartli, and 
the waters that rest on this solid crust, and tin; 
gaseous cnvelojie that surrounds it, and tin* living 
things that move on tin* eaith, or lly in the air, 
or swim in the waters. The nnmlier <.if compounds 
that might }»e ])i-odneed by combining differc^it 
(plantitios of two, three, four, or a larger numher 
of the elements is infinite. It has been ealcu- 
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latcd that if the whole population of tlie world 
were to devote their diiy.s ;iiid nights to dcnling 
cards for hands at whist, they would not have 
exhausted one onc-hundred-thousandth part of 
the possible deals after occupying themselves 
entirely at tlni task fui' one hundred million , 
years. The chemist’s jiack contains about seventy 
cards ; how many deals will be made befoio tho 
combinations are exhatistinf ? To make all the 
possilde combinations would sun ly ‘‘exhaust 
time and encroach uj>oii ctei nity.” 

The study of chemistry is certainly not lacking 
in vaincitv. 

Kc-arrangements of (‘hmicnts are taking place 
every moimuit in our own bodies, and in animate 
and inanimate objects outside ourselves. Every 
breath of air di*avvu into the system supplies 
oxygen, which interacts with compounds of 
carbon, hydrogen, oxygen, and nitrogen in the 
body to jiroduce new compoiinds of tliei>c four 
elements; some of these ney" comjioipuls react 
with other compounds in the system to form 
more complex, but jierfectly definite, collocations 
of elements, and some are removed from the 
system in the br-eath we expire, and in othA.' 
ways. It is literally true that in the millionth 
fraction of every second millions of millions 
of living organisms are breaking down delinitc 
groups of delinitc quantities of the four elements 
carbon, hydrogen, oxygen, and nitrogen, and as 
innumerable an array of living things is building 
up definite aiTangemcnts of fixed (puiiititics of 
these same elements. To the sound of the 
going of those silent changes the ear of the man 



TIIK COMPOSITION OP HOMOGENKOUS BODIES. 61 


of science is attuned to listen ; ;ind the sounds 

are harmonious, and there is rhythm through 

them all. The history of chaimes like those 

1 / 

infinitely minute ones which arc conducted on a 
vast sca!#3 can he traccal, in a broad and general 
\vay, in the crust of the e;u’th. The gencrid 
tendency of tlic chemical changes that have 
taken place as the earth has grown old(;r has 
bemi towards the forniaiion of more complex, 
from less (‘Olnplcx, (“om})ounds. This piocess 
scamis to have been carrical to completion, or 
nearly to completion, in th<‘ moon. There, (chemi¬ 
cal action a[)j)ears to liav<' st<»[)[)(‘(l, uv, at anyrate, 
to have bec(mi('. very sluggish , there, tin* (denumts 
have probably all combined into comj)l(^x c(dlo- 
ea.tions ; and the cessation of chemical changes 
seems to be ac(a.)mpani(Ml by the abs(‘nce of life. 

Whether tlui mmiifold transmutations which 
take place in the combinations of* tlu^ elements 
occur h\ the eartli’s ciiist, or in living things 
on the (iarth, or whether they arc brought 
alxjut l)y human agents, on a small scale in 
the laborat(^iT, or on a laige scale in manu¬ 
facturing industries, all these changes follow 
(^.rtain general lines, and the results of all of 
them can be (‘-xt>r(‘ssed, so fai* as tlu^ composi¬ 
tions of the tliousands of compounds are con¬ 
cerned, in general statements which we call laws. 

One law has been stated already ; the law of 
the conscryation of mass. This law—in no 


material change, or cycle of changes, is there 
any change in the total (piantity of matter 
concerned in the operations—is taken as true 
in all chemical and physical investigations. 
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T hiive comparod the [)rnoGssos whereby cniu- 
pomuls are prodiRUid to l)iiildin^ 0[Kii‘ations, the 
elenuMits beiii^ tlu^ building stones and the*, com- 
pounds tlu‘ finislu'd buildings. Tlio illusiration 
nin.y be CMnied turth(‘r. Suppose tliat ae*h(Mnic:i1 
buihler is trying to mnstruet edifices with ecrlain 
elements. lie soon discovers that he must woi’b 
under limitations. H(' cannot use any <juahiities 
he chooses of Ilu'. dilTiaVnt (denuMits ; the blocks 
of (iaeh building stone with which vUone h(‘ can 
build ai‘(‘, all exactly tin; same v eight, and thei’e 
is a fixt*d and unalteiabh*, relation b(;twee,n the 
wenghts of those ])ic'‘<'S of the different building 
stonl^s wluu’ewitli lu' is allowed to construct his 


buihlings. It is as if a hnilder found each 
varit'tv of slon(‘- he. int(‘iid(‘d to use < ut into 

t 

blochs, any one of v hich weigh(*d (exactly the 
sanui .IS .iny othei’, but the blocks of (ine kind of 


stone weighed h'.ss, 
otlnu' kind ; and as 


or more, tha,]i those of any 
if, uluMi the*, builder y ished 


to use a portion of a blocks, he found^. that not 
one of the blocks of a,ny variety of slom; could 


be biolam. The chemical bnilchu’ must use 
wliole blocks of each elementary budding stone ; 
if one block of this or that eleimuit is Tujt enough; 
he may try two, or three, or any number of, 
blocks; but ho cannot divide even a single 
bhjck into pieces, nor can he lind even one 
block of any element which differs by the 
fraction oi a grain in weight from the other 
blocks of the same element. Suppose the 
chemical buildings are con.structed from the 
three elements hydrogen, carbon, and oxygen: 
a vast number of different compounds has been 
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[ncHlucod by changes in tlio comhinatioii.s (»f 
llu'sn th]‘(‘p thinus ; hut IIki 

1 it ins of till*, tlircio ohnuonts that ar(‘, coiiihinnd 
ill any one of coinjiouiuis arc always 

rnlaUil to om* aiiotiu'r in iho [iroportion of 
'HO f)<irt by woii^ht of liydroi^nn to Iwolvc |)«irts 
by W(Mi;lit, of carbon to sixteen ])arts by AM*ii;lit 
of ox^'Lten, or in llu‘ ])]’o))ortion of whole* mul¬ 
tiples of tlii*s(i lln‘('(‘%nuiii)m’s (i a,in usino round 

numbers to .ob\iale- verv small (b'cima,l>>; the 

■ 

more correct numbers an* 1 • 11 '.>7 : 1 7> SS). 


Sup|>os(‘ the chemi(‘al builder oets annoyed at 
these limitations. lie heaps loi;i'ther lar^e, 
indetinite, masses of thi^ tin e<'. (ili‘m(‘nts he is 
workin^t with; and subp'cts the mixture* to the 
action of \aM*v e-ni'i L't*!ic ream*nts; tor he is 
det(“T niim*el to brim; in ait to correct nature. 
Ihit his art is a [)art of natuie*, and natuie w ins. 
Slip] rosie a, do/(‘n com]>e)unds ol t In* three* elem(‘nts 
. re prexluea'd ; tin* W(*ii;hts ot hyelrui;mi, c.n bon, 
Wild ()xyi;en in (‘acli eampiound an* still r(*lateel 
to one another in tlfe^ proportion e)f I! TJ ; 1 (i, or 
in a ])i'o])ortion (‘X[)rt‘ssil>Ie* by W'hole multiples 
of tlu'se*, nnndiem Suppose* the result, of the 
i§r])atient chem’st’s iiainpmlations has be*e^ai a. 
mixture of si*veral compounds of hydi'en, 
carbon, and oxyi;en, with tw'o earmimunds of 
hydroj^eii anel erxy^en, two of carbon and 
oxygen, and half-a-eh)/cu e’ermpounds ol hydixrgen 
and carbon: every compound of tlie t.hrec 
elements contains weights of hydrogen, exarhon, 
and oxygen rclat<‘d as represented hy tb^e 
expression it 1 : iii 12: ]) Jb, when n, m, and 
l> are whole numhei’s (generally small whole 
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numbers viiryin^i; from 1 to about 8); each of the 
two coin] )Oiin(ls of hydro^^en and oxygon contains 
these elements united in the ratio of one part 
by weight of hydrogen to sixteen pai’ts by 
weight of oxygen, or of a whole mu,lt.i[)lc of 
one part by Av^t'ight of hydrogen to a wnole 
multi]>lc of sixteen jiaits by Avm’ght of oxygen; 
the ratio of the weights of earlion and oxygei. 
in both the eom])()und.s thuo have been formed 
of these two elements is that of 12 to 16, 
or of a wliole niulti|)l(! of 12 to a, Avhole multiple 
of 16 ; and tlui Aveights of hydrogem and carbon 
in each of the seve.’‘al compounds of those tAvo 
eleiiKuits that liaACi been fornnal ai'e relat(*d to 


one another in tin* ratio n 1 : ui 12, A\hore n. and 
m are again Avhoh' nnnd)ers. Some jxirtions of 
the elements Avhich the eager experiineiiter 
throAv into his mixing pot may remain uiicom- 
binod, a,nd sonu*. portions of them may be 
driven aAvay from the other portions and sent 
Avaiid(‘ring through sj)aee. 

The imiietuous chemical f)uilder tinds that 
his edifices cannot be constructed entirely ac¬ 
cording to his own fancy ; he must Avork under 
the limitations im])OS(‘d on him by the nature « f 
his materials. 


• The illustrations given in the preceding para- 
grajdis contain in themselv(5s all the laAVs of 
chemical <*ombination by mass; but it may bo 
Avell to express these laAvs in more precise form. 
Those stateimnits regarding the quantities of 
elements that react chemically Avhich express 
Avhat holds good in all chemical processes are 
generally divided into three parts; one part is 
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cnilod fJ/r JdU' of Jij'ifff of rotufjo^ition^ Ife 

har t'J viulfi/ffr jn ojHO'honSj ;m(l t]i(‘ tliii’d thr hni of 
/rrijnoral jo(fj)orfoo(.^. It is Ix'tti'r liowc^vcr ioi* 
our [)ur|)(KS(.‘ to o\]»i’rss lh(\S(' thr(‘0 laws in ono 
statement, and to word tliat stattnuenl so that 
it WAV fiiclud(‘ what is uni\(M sally ti r(‘L!;a,rdini^ 

tliP <juantitn‘s of coinpouiids, :is well as i’(*L^.ii‘d 
ini; the qiianlities ot chMiunils, tliat intciact 
rluunicall V. 

Thf‘ (jU((nfjf// fof U'coihl of (Offt f'hmciil ufn'th 
loJo s jun f IK (di // ( Jk iniCftl tfOf'hon hdorco rl('}ornt<, 
Of J)(fo('fOi c/f //i('of'> i(/((/ rfOnhuoitlons of rl('no'Nf>^ (an- 
hf' o/p/osxvZ h(j o i (rtain jij f'd oninhcr, or lo/ (t uloflr 
moftij>l( of lliol oinnhn, 

And tJo' (jooiil/f// hf/ iifKfhf of (ftrJi ('(oojfoinol 
(dfiih jKiif ill (1111/ r/iniitrol rf’or/ioii. lirhrrni 

f 0/0f>oulofs^ or liffo'n'ii (‘l( no oIa oioI comjnoind'^^ con 
hr r.i jirr^M if hi/ o rrifoin /i.inl nninlxi, or fn/ ci icfiolr 
niiiltii>h‘ o/ tliol nii/nftrr. 

'L'his lundaTnontal law ot clnunical roTnhination 


nay he ])ut in other words, as follows, 

To cve**v elenienf 1 lieix* is attached a fixed niini- 

4 

her ; and lh(‘s(i li\'(‘d mnnlKM s cx|)!‘(‘ss the smallest 
«jiiantities h\» weight of the (*lement.s that interact 
<J)emically. If tlui <jiiantiti(*s hy wi'i^ht of the 
elcnnents that I'eact. in any special case are not 
ex))r(‘ssed l)y the li\ed numlx'i s of those clcnMUits, 
then t hereactin<;(|Uaiitities are e\j)ressed ])y w liohj 
niulti])les of thos(* fixcal imnd)(;rs. And what is 
true of elenients holds i;ood also for compounds. 
The quantities by wei.icht of all comjxuinds that 
interact, cluunically ar(5 (‘xpress(Hl by c(‘rtain lixc'^l 
numhers ; and if more than this quantity of any 
compound r(‘acts, then the r(*a(iting (piantity by 
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weight i.s twice, or three times, or four times, 
or to put it goneriilly, a whole number of times, 
more than the- quantity exuressed by the fixed 
number of tliat (*om])ound. 


The law Avhich has been slated i.s genern, iiy 
called th(' lain nf nnnhhiUKj irrif/hfs, in so lar a\ it 


a])plies to elenuMits ; because it is customary to 
sj)eak of the (juantities by wedght of elements, 
which, or whole multij»l s of ndiich, take part in 
chemical changi's, that is, the quantities by weight 
that are expivssiMl by what 1 have called tins 


fixed numbers attaclnal to the ehnnents—it is cus¬ 


tomary to s[)ea,k of these (puintities as the romhiio- 
intf urujhh of the elements. If this expression is 
used the stiitcmient of the law as far as elements 


are concerned may be })ut in fewca* words: for it 
will run thus 


Klnnicnts trarf in fli/' i alios of fhrir comhiainfj 
innfjlitSy or of v'ltolr of tlaar nniibudiKj imiifhfs. 

Inasmuch as the quantity by weight of a com¬ 
pound that is expressed by the lixed number 
attached to that compound that is, the quantity 
which, or a whohj muUiple of whi(!h, reacts chemi¬ 
cally with other com])ounds or with elements—is 
often referred to as the rraefimj weight of the con^- 
pound, tlie law which has been stated may bo 
called ihr law of inictiag urighfSy in so far as it 
applies to compounds ; and with the hol[) of the 
term ‘reacting weight’ the expression of the law 
as far a.s coni])oun(ls arc concerned may be put in 
fewer words, a.s follows:— Compounds react in the 
ratios of their reacting weights or of whole inuUiphs 
of their reacting weights. 

The sy.stem of shorthand used by chemists is 
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Inised on the law of comlanini; and reacting 
weights. Instead of always writing the name of 
an element, the first letlea’ of the name, or the 
first and anotlna* hitter, is us(‘d as a symixd for 
that ehiiuent; thus (J stands tor carlxui, Cr for 
ehiR)mirmi, I> for l)()ron, Ih* foi* ])erylliuni, and so 
on. The symbols of seven of the nu'tals that 
ha\M» been known for many eentni i(*s arii derived 
liom tlui Latin n.%nies*of these metsls; SI) 
antimony (ifibinuf), Lu -eopjxM* (rif/ninn), Fe—- 
iron [fernoa), IM) = hMd (plnnil)nin), Hg iiKii’enry 
(Jnidranjjp'uin), Ag -silvec [m (jrnfitm), and Sn ^ 
tin (.^famnuii). Tin* symbols Iv and A’a are used 
for the melals potassium and sodium, res[)ectively. 
TIi(i syml)ol K s(‘ems to 1)(‘ deriviid from the word 
al-hfii (tlu' ashes) appli(‘d for many centuries to 
the ashes of |)lants, troni which su)>stauces the 
metal Avas o)>tained; (tliesi' ash(‘s W(irii also (‘ailed 
/iot-a.dirSj hi^iice the name giv(m to the nuital). 
The symbol Nn is [)i()))ably derived fnmi the 
' word whi(;li was a[)|)li(al in tlie Middle 

Ages to ^hat seems to havii Ixam impure soda. 
Tn this case, as in that of potassium, the nanui (at 
least the English nanui) of the element has been 
iJerived from tlie name commonly given to the 
substance from which the element Avas isolated, 
and the syml)ol has beim takcin from an older 
name for the same sul)staii(:e. 


Each symbol has a fiuantitative signification: 
thus C' represents one combining Avoight of carbon, 
that is 12 i)arts hy Avcight of carbon ; Fe means 
56 parts by Aveight of iron, that is one combiniiig 
Avcight of iron , and so on. The (*om[)ositions of 
compounds, both the (pialitative and the quanti- 
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tiitivo compositions, ;irc (‘xpvcssccl l)y side 

by si(l(i tl\(‘ symbols of the (‘l(‘mcnts tlint rom])osc 
tlio com])unii<ls, mid at tiicliini!; small tii^iircs to 
tli(‘.sc symbols to indicate how many condiinin^ii; 
weiirhts of (sacli (‘icnnait :nc condoned in that 

^ I 

wriiL; u of the conipouiid which is cxpressc< 1 l.y »lu) 
formula ; it is custumai y to speak of tin* Jtn muJa 
of a ('ompound and the sff/nhnl of an (•lenient. 
instance, water is com}'M')se(h ot hydioi;(‘n .ind 
oxy<i;en, and always of \n(‘I!^}i1s of tlu'se (‘honents 
united in the ratio of I S. Now the combinini^ 
weii;lit of hydioy(*n i> oiu' (it is the standard 
substanci' to which oMnu* eombiniiiLT wei^lits are 
i‘ef(;rr(‘d), and tin' eomhiniiiii; weii^hl of ox^/^j^en is 
11) ; the synd)ol 11 means one |>ari by W(Mi;lit of 
hydroi!;en, and the. symbol () nn'ans 1 (» parts by 
weii;ht ot oxy.^en. ddie c* mi position of A\ater then 
is ex])ressed by tin* formula 11,0. ddiis formula, 
tells that the (Mmipomid leprcxsented compo.sed 
of hydr()ii;en and oxyi;en, ami that IS parts by 
weight of th(' (‘oni]>ound ai’e eonpiosed of ‘J parts 
by weight of hydiogim and lb paiTs by weight 
of oxygen. Take the Ibi’irmla tor sulphuric acid, 

Jf a table of combining weights is con- 
sulteil it is found that the cornhining weights of 

f 1 » I 


sul])hur and oxygen are .*12 and 10 lespeetividy, 
that of hydrogen being unity. Xow (I x 2) l-.’>2 
+ (lt> 4) ; luMiee we are told that D8 parts 

by weight of sulphuiie acid are (‘omposed of two 
parts liy weight of liydrogen, 82 parts by weight 


of sidphur, and 01 parts by weight of oxygen. 
One more instance. 'The foi miila which expresses 


the composition of (%‘ine sugar is Tn- 

asraucli as 0^12, 11=1, and 0 = 10 (that is, 
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the r()iiil)inin:r wciirhls of the el(*jn(‘iits carbon, 
liydi and o\yi;(*n arc 1 Lb 1, and 1(), rc.spc‘<*- 

ti\elv), it is (Msy to calcnla.tc the. W(‘ii;]it of cane 
sny:n' i c[)r‘es(‘nt(‘d l)y the fornjnla ; thi^ Avcii^lit is 
c\MknMly (I 2 X I’J) + (-‘J x 1) i- (1 I x 1 C).‘i t’J. 
foi’inula e\|)i’(iss(‘s tin* composil ion ot caiio 
in tt'nn.s ot* tli(‘ (‘hniH'iit^ of wliicli this 
coni])ound is coin])oscd, b)r it tells that dl'J parts 
l)y ^\cii!;ld of can(‘ siiuai' arc composed of Itl 
pai’ts by \\<b’i;ht ot carbon, ' 2’2 |)aits by ANciylit of 
h\alroiicn, and 17G ])ai‘ts b\ weight ot o\VL;’en. 
It. is of con!S(‘ <‘asv1o (idculatc tlu' jxa centai^o 
coinj)ositi(m ot snyai, it it is di'snaal to state tin" 
♦ juanlities of the thic(‘ chmnmts that c.oiii|)o>(‘ it 
in that foi m. 

The law of combining and r(^a«‘tinir weii^lits 
is the most important onlL*()im‘ of t In* in\(‘st ii^a 
tion of the coiu|)ositions ot homo^(‘neous bodies, 
coiisidiM’ed a|)a!t. from the examination of the 
pr(jj)/. ti(‘s ot lh(*st‘ bodies. To flolin Dalton 
lieloiii^s*tlie sieti;J honour ot b(‘ine. tlie first to 
c.mmcfatQ this lundamcntal hne ot chemistry. 
And it is iwost interesting to kno\\ tha.t 1 taken 
formulated the law' (in the (‘arliest years of this 
lumtury) as a. necessary deduction from tliii la'sults 
of iiujuiries In* was making into tlie jiliy^ical 
proj^ertii's of gases. Jlci foinnal a theory of the. 
constitution of imitlcu’ tlie Daltoniaai atomic 
theory, which will be discussed bric'tly in a later 
)art of this book (see Chaj)t(‘r VIII.)—to account 
or some of the physical ])i'opm ties of gases } Jie 
then deduced the law of the cimipositioii of homo¬ 
geneous bodies from the postulates of that theory, 
stating the law in the language of the theory; 



70 THK STORY OF THE CHEMICAL ELEMENTS. 


and then ho ])crfornicd a few experiments, and 
obtained results in keejnngwilh those demanded 
by tlie tlieoretieal dediu‘ti(jn he had mnde. When 
the law had Ixam announced, and its accuracy 
tested in a few cases by experiment, ciaani.'fts 
soon recognised that a Hood of lie-lit was thrown 
by the law on all ihi^ (jiicstions of comj)osition 
with which they were,.. es[)ecially concerned. 
Order and nieanin}^ were introduced into tin* 
accnimulations of figni’('s whicdi I'einesented the 
results of the analyses of compounds. It was 
discovered that many ex])erim(‘ntal v(‘rifications 
of the law had been' made Ixdore the law was 
known, and that suHicient analytical results had 
been amassed to place the law on a fairly tirni 
0X2)0 rimental I)asis. 

The methods of <|uantitativc amdys(‘s have 
beconuj miudi more', accauatti sin(*,e Dalton’s time ; 
and the rc'sults of all the Inuidreds of thousands 


of carefully executed analyses of com 2 )Ounds’niadc 
since then have 2 ^roved thatth^^ law of cembining 
and reacting weights holds good accurately, and 
without any limitations or moditicatiens, in every 
S 2 iecial instance of change in the compositions of 
systems of homogeneous bodies. This law i^ 
undoubtedly a law of nature. 

The fact that the cjiiantity by weight of an 
element, oi* of a com])ound, which takes ixirt in 
any chemical change is always cx2)ressible by a 
certain fixed number, or by a whole mult^de of 
that number, serves to em 2 )hasize, and to make 
more definite, the dilference between elements 
and comi^ounds on the one hand, and mixtures 
on the other hand. The com 2 ^osition. of every 
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s})ccimcn of any com[)Ouii(l, stated in teniis of the 
elenieiils that hav(‘ eoinhined to fonii it, is always 
exactly the same ; aiKlallhough a ])airof eleiiieiits 
may comhiiui to form more than a single eom- 
jjound, yet, not only is tlie (*oni])osition of (‘aeh 
compound diHerent from that of any other, 
and not only is tin* composition of each com¬ 
pound [)ei’f(‘t‘tly definite and ([uite unalter- 
a1)1c, but it is also tine that the (puintities by 
weii;ht of (';U‘h of ihi) two ehanents in th(‘ various 
com])ounds formed by tln‘ nnion of these (dements 
are related in such a simj)l(‘ way that it is pos¬ 
sible to (‘X})r(‘ss all l-hese ([ifantities as w holi‘ mul- 
tiphis of one and the sam(‘ (juantity. Thei e is 
nothin;^ even distantly ap[)i’()aehin|j; these facts 
lo be found in tin* eom[)ositions of mixtures, 
W ho shall determine how much sand, Inuv much 
lime, and ho^v much watiu' must be mixed in 
order that the mixtui e ma,v be u.'^ed as nnjrtar ? 


Hie n.,,)st su])ertieial (Examination of tin* behaviours 
*of dilYer^nt worktijen en^a,^(‘d in makin<i; mortar 
eonvinces one that the makers ot tbe niortars 
have uo serujiles in neglectiu]^ the law of com¬ 
bining’ and reaetiiti; Aveights. Ihit m'.^lect it as 
€hey like, the law holds good all the same. And 
it would be better for tin; buildei*, and much 


better foi* the tenant of the house, if this law, and 
other laws of chemistry, were eonseiously i’(xog- 
nised and intelligently observed. For mortar- 
making, like iiiue-tcuths of our manufactures, is 
the carrying out of s(;v(‘ral chemical changes in a 
medium that is itself a mixture. Perfectly defi¬ 
nite ([uantities of lime and Avater combine to form 
slaked lime, itself a definite chemical compound ; 
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«a?i(l Jiftcr tlic iuoi‘l;ir is set in the Avails, carboriie 
acid i;as is u;r:uliiallv' absorbed by it from the, air, 
and, c-oinbinin^' Avith tli(‘< sla,k(‘d li^iie, slowly forms 
chalk ; iiioreoATn', ])roc(‘ss(*s of chemical chaiiy;e 
y;o on vei y y;radnally lo7‘ i7iany ycais 'b<-tw;*en 
Uu‘. silica, which is a definite compound in the 
sand, and the slakiMl lim(‘, ;ind thesi* chan<;es ))ro- 
duce silicate of linu‘ xj’hich^ helps to hiinl the 
moi'tar into a comj)act 7nnss. 

Although t he distinciion 1 h 4 W(‘(‘n (‘hinients and 
<'Om[)ounds, on the one hand, and 7iiixt7i7-es, on 
the othei* ham I, i^ \ei y 7i7ai’k<‘(l, jic\e7‘lh(‘less the 
fact 7*(‘mai7is that most of th(‘, clie7nical <‘hanu(‘s 
tliat occui* in onr daily life—and tlun^e is 7io 
sci(;nc(‘, tliat so “comes holm* to the bosoms and 
the bnsiiK'ss of 7m‘n ” as clumiistry—occur be- 
tAvee7i compounds, oi* IxT-wiani elements and co7n- 
ponnds, t/hat ai’e so Avi*a])j)e(l up amj hidden in 
envelo])ine; inixtur(‘-s, that mu<;h detailed knovv- 
h‘d <*(i of ch(‘7ni(;al occniTences, and a eonsid'U’abhi 
share of imai»ina,tio7i, are r(!<|U'^’(‘d to i’(‘inovc the 
outei’ coAM3ri7i<^, an<l to sea; tln^ essmitial changes 
that are taking ])lae(; inside. .1 

Now that Ave hav(‘ attai7i(al a fairly dc^tinitc 
conception of certain featu7*es of chemical change^ 
let us, for a moment, contiast that conce|)tion 
vvitli tin; jhetaire which the ti’ansmulations of 
matter present( mI to tlie alchemist, d'lnj notion 
of distinct and deHnit(i ki7ids of matter, each with 
its own eharaetoristie jiroperties, Avas ini]K).ssible 
in alcliemieal days, for the alchemists had no in- 
strnraents for tletecti7ur small chaiuies in the 
apiantities of tlic matter which exhibited changes 
of properties. And until the changes Avhieh take 
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pl.ico in tlic ([iiiiiit.ity of jiny' portion of nuittcr 
tli.'ii is eluint^iicii: its ])rop('rt i<*s luivo. not only l>ooii 
/li;tort(_‘(l, bill ;ilso mi';isurc(l, il is not ])ossiblc to 
say wln‘lh(‘r ibc- coin])osilions of portions of 
jAvliicli sliow dillbivnt. ])i’op(‘i ties arr, or 
ai’(‘ not, idemica-l. It; is ])robabiy roi icct to say 
< hat tlic ah'lirinists (*onld not, di'tis t; distiiu't 


'diilViTiiccs in t lu‘ c-unmositions of portions of 
niatt(M’ Avitli ditt(‘i-(‘nr [)ioj)(*rt i('s, b(‘<‘aiLsc llioy liad 
no insti iinnbit tor di'tiTniininy:, AMtb arrniary, 
dillbroiicc'S in tin* (jiiantilies of nialti*! in two, or 
iiior<‘, ])oi’tions of niallor; and it i^ als() ]H’ol)ably 
roi I’ocl, to sav' that tlio ah^unnists <‘onl(l not in- 

I 

\(‘nl an insti nini'nt for' dcTtM-liiii; arid ini*asU]‘in<^ 
dillbnniccs in iho (plant il ms ot matter in vai ions 
])()itions ihen'of, bi‘canso they had no ch'arly- 
dciined tlu‘oi y of tlio (*(niij)osition of material 
things. 'The const,iiiclion of aeeni’ati; balaneos 
led to i^ri‘at advances in (‘liemieal tlu'oi-v ; and 
advai^’(‘s in elnnnieal tli(M)i‘y (bnnandial, and 
called li^’tb, ^la'at^iniproveimMits in iln', art of the 
l)alane(‘ maker. Tlic alclieinieal eoru‘i‘plion of 
tlio transfojanations of ruattiT* was radically 


wronii;, becaiisi^, tin* alclnmiists did not attain, 
Tine nn\e;bl alinoh^t eay that on account- of their 
intellectual t'nvironinent tlu'V could not attain, 
any clear not ions ri'^ardin^ tht‘ conipositions of 


diHerent jiortions of m.itter. Uivoieial iroin the 
study of com])Ositi<)M, the study of jirojierties Avas 
obliged to base itsidf on vague analogies, test¬ 
ing on that foundation, the detmniination and 
elucidation of properties iHfU'nu'd to giow apate, 
but there was no reality in the growth; the 
solid buildings, of which the vague alchemical 
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vision was nothing but a mirage, lay far away, 
and many miles of dreary desert had to l)e passed 
before tlic gates of tlie city Arere reached. But a 
mirage means reality soimnvhere; and if the 
alchemists liad not- seen the vision, and followed 


it, we might have been Avandering in the desert 
still. 


Granting that the conception of definite com¬ 
position could not be attauied in alchemical 
times, we must surely admire, the ingenuity, and 
ap])laud tlic subtlety, of th('. argument of the 
alchemists, vvhcreby they tliought they had 
established the possibility of transforming any 
material thing into any othei- thing, Avhih^ at the 
.same time leaving themselves an unchanging 
resting place amid tlu; phantasmagoria of appeai’- 
ances. Matter Avas regarded by the alche¬ 
mists merely as a vehicle for slujAving forth 
properties ; they examined and j*ecordcd 
most extraordinaiy changes of pro]hTtios ; 
therefore they eoiicluded tliat proj)(;rt,',es could 
be taken off, or put on to, any kind of 
matter, like clothes. .V king in ,rags Avould 


recciv^e no homage* from his .subjects, but clothe 
him ill jiurple and fine raiment ami he Avoulfi 
again be recognised as the monarch. Lead, and 
copper, and iron, and tin Avere but dificrent 
varieties of rags that hid the regal gold ; but the 
rags might he removed in the furnace, or the 
alembic, fuid the poor nak(‘.d king might be 


bathc<l in the Whiter of 


Paradise,and the 


rdyal robes, ]>rought on the wings of the 2)ha'nix, 
a bird of a most deep colour Avith a shining 
fiery hue, might be put upon him, and then ho 
would appear in proper state ar^^l all Avould boAV 


> 
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the knee before the king. Ihit the alchemists 
felt that thei'c must surely l)e an uniihanging 
substratum bmicath the ever-varying phenomena. 
Why was tlie thing they called gold sometimes 
so liiddt^i l)y bdse a})pcaiances tliat ordinary 
people mimed it iron, or lead, or inenMuy, or 
zinc 1 ddie alchemists n^plietl : because the gold 
Ifas become contaminated, ami rcuidered feeble 
and decrepit. Now their nrginniait proc(‘eded 
as impure* things shriid\ troin llu^ touch (jf 
[iiirity, and impiji tect things i(‘ioil from things 
Avhich are perfect, so it Avill sutlico to touch the 
imperfect gold, that in his >>ase estate, is cidhal 
by some otlu'r naiiu*. with tin* th/c jurfrrf nnittir, 
and all tlie impui iti(‘s will \<mish and the gold 
will be Siam to be gold imh'ed. d'liis “One 
perfect matter,” they said, is immutable ; it is 
the essence that is hidden uml(*r thick coverings 
of imperfect matti*r. Some forms of matter 
vill (hoibthiss contain moie of it th.m others, 
but as W(^do not ^uiow wlu'ia* it is chielly con¬ 
cealed Ave must seaaa li for it every wlnue. And 
the search is^Avoi th inlinite jiains ; for Avheii Ave 
have found 'Jlte one flntnj, the .smallest ])ieee of it 
\^ii suffice, not only to drag off the ninvoi’thy 


coverings from the regal gold, but al.scj to re¬ 
move all the trouble and sorroAV from the Avorld, 
and to transform this earth into a Aoritablc 
paradise. For the alchemical (piest A\ais not 
merely the quest for* gold. At its best it was 
more noble than that. It Avas an attemtit, mis¬ 
taken and hopeless, but not umvorthy, to pas*h 
at one bound from trouble to jieac^e, from unrest 
to quietness. In that quest alchemy failed; that 
pnrsuit chemistrA^ has not attempted. 



(’TTAPTEli V. 


rtIK STl 1»Y OK J'ltdPKUTlKS. 


Tn cliciiiistrv w(i liii\(■ to (Iciil with tlic'’'i.‘h:i''Li;(*s 
Unit t:ik(‘ phuM* wIkmi cIciikmiIs or conipouiKU 
iiiit'i.ul lo ]>i'o(lu(‘o olli(‘r ck‘ni(Mils or ^otlier 
coiiipoiinds. I'lic. coinposil ion of an rlenienh is 
e\[)i’(‘ss<M| ])y tilt' TiaiiK'- of tin.' (‘It'inoiil, lor, so 
far as t)ur c*vprrinu'iital results liavt'. (ixtt'nded, 
any [lortion of an I'lt'nu'nl is a,l>solut('ly itlt'iitieal 
in eliai’aett'ristie jiiopeilies with any otht'rjior- 
tion of that, (ilc'nu'ht. Tin* coin posit ion of a 
roin])oun<l is t^vprt'sst'd in tt'.nns of tln' I'lt'int'nls 
wliich liv tlicir utiion form iho com])ound, and 
■\vhi(‘li ran l)t‘, olitaint'd liy laeakini;’ up thi' t'oni- 
])onnd. Thti law' of ctnnhinini^ and reacting 
Avoi^hls ^^t'lioralistis tin'- rtjsulls of tiu'. study of 
composition, and c\|)rt‘sscs tJu'se rt'sults in a 
pt'rfoctly accurate form, A\'hicli is apjivicablc. 
without limitations or modila-ations,-I'lo (*vcry 


special case. 

W o must now turn to the second main divi-* 
sion of ehemical intpury, and try to find out 
somotliing about the projiertit's of the elements 
and their eomjxninds. W o found that clieni- 
istry omits from the scope of its ])]'oper incpiiry 
those kinds of matt(*r that are indther eh'inents 
nor com[)OUiids ; we shall liiid that the strictly 
chemical examination of the projierties of ele¬ 
ments and compounds is limited to those pro¬ 
perties which are exhibited wdieu changes of 
composition take place. Speaking strictly, iron, 
or tin, or Water, or salt, considered a])art from 
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other thinirs oj* from the action of extio’iial 
:iL£4‘nci(‘s, pi‘(*setits no ])ro])(*rti(‘s f’oi’ th(i elu*mist 
study ; it is wluoi tlu', ii'on, or tlie tin, or th(i 
Millin', or th() s;dt, aitson, anil i.s in-tnl on l)y, 
otlier kinds of niatt(‘r (oi* is.aeliMl on l^y an 
• ‘Xtiw.'iiid^aLiencv) «o as to luiim al)oiit clrnmes 
‘of ootn[)osition, it is only then that llu*. pro- 
[»eitie#5 of the iron, tin, water, or salt kei-ome 
interestini^’ to th(‘- eiienntt-. (dimnlstry studies 
elinnefits and, eoiupounds in the act of ehaipi^ing. 
Inijuiiini^ into the ju’operlies of ,'in rlcnient or 
eoinpoiiiid, the eliemist denrinds - W lnitwillit 
do wdiiMi it, i(‘aets with otiiin* bodies'^ He, must 
alwa,\s ask, not only’- What is tins substaneii ? 
but,also: \\ h.it has il Immmi, and what, will it be'? 


t'heniisti‘\^ is ini('I'e.xled in tlii.^ or that delinite 


kind of matter, not so mueh bee,iuse of wdiat it 
is now, as b(‘eaiis(‘ its pi'eMuit eondition is tlie 
r«‘sult of ehoiii^es in thi' past, and is the ]>romise 
»f eh:mun‘S in tin* futiiie. 

ft is more eorreet to sjrealv of the ehemieal 
/r'n'pa//s, father tlff'iU tlie ehemieiil of 

(‘lemimts anil eomjiounils; tor the waji'iI “ reac¬ 
tionseinplui^isos I h;it fi'alineof tin; pro|)i‘rties 
(‘j^these bodies which is essentially ehemieal. 

As an cxam])le of the kind of impiiries that 
are made into tlu'. ehemieal ri‘actions of eom- 


[)ounds, let us eonsidin-, brie.tly, soim; of the 
reactions of water Wdieii hydr(\L!;cii is burnt in 
air, or in ox)\i;en, water is produced ; wlieu an 
(‘lecta’ie euriimt is passial thioUi;h a mixture of 
W'atei’ and a little sul])hiiric acid, hydrogen amji 
oxygen arc obtained. W hen hydrogen is jiassed 
over heated red lead, or heated copper scales, or 
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heated iron rust, water is formed together with 
lead, or copj)er, or iron. Th(*so (jualitativo facts 
furnish tlie bases of methods for determining the 
composition of crater; and the I’csults of such 
determinations ;;re expressed by sayirii:; that 
important I’eaetions of water aie th;it., ^\Ilcn 
hydrou;en is burnt in oxygen, or whiui hydroj.;en 
is caused to withdraw oxy^e?> from a m^talli#* 
oxide, on(‘ part by AV(‘i^ht of hydrogen rombines 
with (;ii;ht ])ai ts })y AV(‘ii(lit of o\yi^(ni to form 
niiui parts l)y weight of wat(‘r, and that when 
waiter is acted on by an external agiaicy which 
deconn)oses tlie Av;[,ter, Jiine ])arts by Aveight 
of Acater ahvays yield one [)art by Aveight of 
hydrog(m aiid eight ])arts of oxygen. When 
stcain is pa.ssed oatt red-hot iron filings, the 
steam and the iion intei’act to produce hydrogen 
(one part by Aveight of hydrogen for every nine 
parts of sti*am tliat have reacted) and an oxide 
of iron ; and steam reacts Avith several other 
metals similarly to the Avay in Avhich it‘’7’eaets 
Avith iron, that is to say, hydtV>gon and'’an oxide 
of the metal ai-o produced. Water reacts at the 
ordinary tcmiperature with sodiuih and potas-'* 
sium—the metals obtained from soda and pota:(-h 
respectively hydrogen is given off, and com- 
[)Ounds of oxygen Avith hydrogen and sodium, 
or hydrogen and potassium, dissoh^e in the 
Avatcr which has not be<m used to react Avith 


the ({uantity of sodium or potassium employed. 
When a mixture of steam and chlorine (the evil- 
s,melling yclloAvish gas got from common salt) is 
passed through a porcelain tube kept at bright 
redness, the steam and chlorine slowly interact 
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to prudiico oxyi^oii (ei,^ht j).‘iTts hy weight for 
(iV(jry niiui parts of ste.an that roa(;t) and hydro' 
r hlorio acid Avliicli is dissolvcid in the excess of 
steam. When srxla crystals ai (‘. ]ioat(‘d, water is 
i^ivcMi otr in the foi in of stciain the; r(\sidue 

of ^ah-Med soda is dissolved in water and the 
solntioii is (evaporated soiiKewliat, crystals of 
washing soda, form as tine li(jiiid cools. It is a 
reaction of vvatc'r ic^comtiin' villi calciiued soda 
to form wasliing soda ; and it is a neaction of 
watier to bie diiveii out of this eoriibination hy 
licat. When ca,ne snga,r licati'd, one of the 
Ihings given oil is Avati'i*; hut lln‘ production of 
this watei* is accom[)ani(*(l hy tin* (*om[)lete trans¬ 
formation of th(i cane sug.ir int o other com])onnds. 
Wat(*r enters into the (‘oniposition of oil of 
vitriol, hut the pro])crtii‘s of tin* water are 
entirely hidd(‘n in thost* ot the acid, and water 
cannot he ohtaiin'd from oil of Aitriol (*xc-e]>t hy 
piDcesses Avhi(‘h com])l(*ti‘Iy )»7’eak np the acid. 

As tin*, study of the ri*aetioiis of water pro¬ 
ceeds, w(?*Jind tha4^"eiy many of these* [('actions 
are similar to one or other of l,h(_)se whicdi have 
hecTi ]>ri(*fly (h'serihed. These an*: (1) leactions 
uiierein water is jwoduced hy the combining of 
hydrog(*n and oxygen, one or both of these 
elemonts being in many cases fii’st removed from 
combinations with otlnu* elenn'iits ; (2) rc'actions 
wherein water is decom])osed, hydiDgen coming 
off, and oxygen remaining combined with the 
substance which has rcactiMl with tlui water; (a) 
reactions wherein wat(*r is decomposed witli 
evolution of oxygen, the hydrog(*]i of the water 
remaining combined with the substance which 
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hits taken ]);jrL in tlio reaction ; (4) reactions 
whei'ein ^valer coinbiTH's •\\ith otlnn’ conipoiinds, 
or is o])tain(*(l fi-oni coinhinatioFis a\ il li other 
ponnds without (Ik* water under^oini^ d(a*oni[) 0 - 
sition, and A\ithout tlie Iniii^iiiij; ;d)out of Jiny 
veiy jn'ofouiid ehani;<‘ in I he eoinponm’ wl:;*'’!*- 
with tile wat<‘r <‘onihines, or from wliieli the 
water withdrawn; and (o) re.ietions wdierin'ii 
waliM’ <‘nters into sucli,intiniate ehmnieal union 

I T I 

Avith otlier eom[)ounds that watei cannot lie 
ol)tain(‘d a.i^ain Ironi tin; [irodnets of lh(‘ I’eaetion 
WTthoiit eonipl(‘tely l>rea,kin<j; up tlu'se pi'oduets ; 
in these reactions, althoimli mntlua lu'droiren nor 
o\VL;en is y,iven o(r''itis likely that a (•om})lelt' 
i’(‘arrani;ement of tlu‘ (‘lemmils of th(‘ wattu’ and 
the element."! of the. other compound lakes ])lae(‘. 

A slioi’t (“ouMdeiation will ('on\'ine(^ one that 
many of 1 hos(‘r(‘aetions w^iieh haviOie^m assc‘rt(!d 
to Ik; reactions of w.iter mijiht he d(‘serihed with 

*7 * 

(Kpial accuracy as reactions of hydro,i;(;n ; and 
that many miiiht he desi-rilied very corn -th’ a^ 
reactions of o\yy(‘n. For in Lince, itoi.s surely 
a redaction of livdroiren tliat one ymin of it com- 
hine.s, under cei'tain conditions, with (;ii;ht /grains 
of oxygen to produce nine grains of w^ater, aijd 
it is a reaction of o\yg(‘n that this elenuait (‘on'i- 
hine.s, undei'])ro[)ei* conditions, wdth hydrog(;n, in 
t he ratio of S l,o 1 hy weaght, to produce w’at(‘r. 
Again, the facts that hydrogen is ohtaimal when 
steam is ])asst‘d over red hot-iron, and that 
oxygon is prodin‘ed when a mixture of stcsim and 
chlorine is pasraal slowly through a veiy hot. 
tube, might he as.sertcd with perf(*ct accuracy to 
bo rcactioii.s of hydrogen and oxygmi, respec;- 
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lively, or tlnise re;i(*l ions rni^ht 1)0 

to 1)0 reaotioiis of iron on tlio one, li.'iiul, and 

of clilorino on tlii^ ollior liainl. 

Ft is this nianysido(ln(‘ss of tin' sini[)lost 
<*lioinii\d r(‘actions t-liat ;^ivt\f both ils i^roat 
<*ii.Trni and its gi*oat dilliriiUy to t h(‘ study of 
clirniisl ry. Kvoiy T'oaction njust lx* i (‘ii;ai‘d(Hl 
froirr s(*\'oi’al [)oints of A'i(‘\v Ixdor-r it ran bo 
plar(*d Avilli tliosr rf‘ar<i(tns thal/ ar(‘ most liko it, 
:ind sf'})arai(/d from t liosr whirli do not i(‘srnd)lo 
it. And it ?nust always ]>o ie‘m(‘mbor<'d tint tho 
study of I (.‘actions oiu;lit; to Ik; ronnortial with 
tlio study of ('()m[)osition ; jtial- the r(‘actions of 
(.'Voi'y driinitc' substanri^ on,i!,lit to b(i compared 
witli those of otli(‘r liomo<;on(*ous bodii\s, and 
that when (‘lenionts and rompoiinds ha.V(! boon 
elassifi(‘d on tin' basis of theii* reactions furtlior 
UMSons foT’t lu‘- classilication should bo loiind by’' 

I 

tj.iciin; sinfilaiitios b(;tw(‘on tli(‘. com])()sitions of 
those', l»odi(‘s whicli o\]ii))it similar n'actions. 

|j(‘t ns tak(! anoth(‘r instance of llui study of 
reactions to illusftate^ tho methods ustal, and the 
kind of rosnlls obtained, in tliis (h'paitnn'nt of 
ehomic'al iiapiiry. And tin’s tinn^ wo shall <‘hoos(‘, 
Hn (‘lomentr tlie (‘h'liu'nt [lydioi^en. 'Flio reactions 
Avliich ar(', tiist examiiuid wlum tlui clu'inical 
|)r<j|H‘i‘ties of an clemi'iit or a ronpxjniid are 
Jjoiiig studital are tliose' wliei'cin tho })ody iti 
question is ])re])arod or isolated. Investigation 
shows that tlio colonrh'ss, odourless, v(uy light 
gas wliich is giv(*n olf when iron is thrown into 

o o 

diluted oil of vitriol is tlu^ same gas which »is 
ol)taino<l when zinc, or tin, or one of several 
(Jthcr inotals, is substitute<l for iron. Then it is 
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found that the same gas can be obtained from 
water by passing it, in the form of steam, over 
hot iron, or hot zinc, or liot magnesium, or one 
of several otlier metals. Further investigation 
shows that compounds of the gas in cyiestion, 
from which the gas can be obtained, exist’in 
almost eveiy variety of living things, both 
animal and veg(‘table. 

These results suggest further in<|uiri(^s; this 
gas is obt:nna])l(‘ by tin* intiaactiou fi iron, zinc, 
or several other metals, Avith diluted oil of vitriol; 
will the gas be j)roduced if some other acid 
li(juid is substilnt(*d for oil of vitriol'i Fx[)eri- 
ments sIicaa" that almost, anyone of those sour, 
acrid li^juids that are eommonlv called acids may 
be used iiistead of oil of vitriol ; thus the same 
gas is produced by the- reaction of iron and con- 
(!(‘ntrat(‘d vim'gar, or iron and spii'its of salt, or 
iron and citric acid dissolved in Avater, as is [u'o- 
duced by tluj reaction of iron and diluted oil of 
vitriol. Further suggestions arise from thes(i 
results. An ansAvmr is sought, hy experiment, to 
the (juestion: Is this gas always obtained Avhen 
iron, or zinc, reacts Avith an acid 1 'Tlie common 
acid called nqmi forlis is tri(id ; and a reddish ga 
is produced quite dilfereiit from that obtaim^d 
when one of the other acids was used. 


The reactions betAveen the light colourless gas 
and other homogemeous bodies arc now studied. 
The gas is fouml to ho inflammable; and water 
is discovered to lie the jiroduct of the burning. 
A*^‘-curate quantitative experiments Avould then be 
required to find out whether water is the only 
product, or Avhether other compounds arc pr'v 
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(luced also. As Avatcr is formed when the gas is 
hurnt, the name lnulrfujen (water-producer) is 
giv(;n to tlie gas. Tlui change that proceeds 
when hydrogen is hurnt to wal(‘r is tlnui studied 
in detail and (|iiantilal ively ; and when the pro¬ 
cess has been elucidatcal, the sm.;!.!cstion at once 

* • I 

])i’esents its(‘lf, tliat if liydrogtai were brought 
into contact wuth coiii 2 )ounds of oxygen with 
other eh'inents it wouhi prol)ably rob these com- 
j)ounds of lh(‘ii* oxygen and foi in wat(M\ Ex[)cri- 
nients arc; tided, and it is found that many com¬ 
pounds of oxygcni with the melals ari* deoxidised 
whcMi heated in h}dr()gta.* with the production 
of watei*, and tlu‘ m(‘tal whicli was before com¬ 
bined \vith oxygen. 1’hese results, incid(;ntallv, 
suggest a m<;thod for olitaining medals from th(;ir 
compounds w’ith oxA^gcni, and this method is 
found to be ap[)lical)h; in many cases. 

Attempts are then mad(‘ to combine hydrogen 
wdth, other elem(;nts, and rc'sults arc; obtained 


which suggest an enoianous field of im(uiry. 
For instance;, hydrogen and chlorine (the liadly- 
smelling gas from common salt) combine easily 
in the sunshine ; the ])i’oduct is a gas which dis- 


Isolves readily in water, jiioducing thereby an 
exc.eedingly acid Ihjuid, Awbich is known in daily 
life as of .sY///, or sometinu's as mnrhtfir nrul 


(the name hydrocJiJorir, ncid is more descriptive, 


•suggesting its production from hydrog(;n and 
chlorine). Then hydrogen and nitrogem, one of 
the inert gases in the atmosphere, combine with 
difficulty under the influence of a succession* of 
electric discharges: but when they have com- 
^Jnned they produce a gas with a most penc- 
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tratiug smell, whieh dissolves very easily in 
\vat(ir, ])ii)du(.*ing thereby what is eoinmonly 
known as .^piuls of lauf^ltoin (boi'aiise th(‘. sub- 
stamuj Avas once made by luMtnig the horns of 
harts), but is better called itumuniio. These 
two cum[>()unds, hydrochloi’ic acid and ammonia, 
bf)th compounds of hydrogen, arc* examined 
and compared with otlie;' com]^onnds, ;nid Iney 
arc found to lx*- rei)reseiitat ives of two classc's of 
eom[)ounds Avhich are much oppos(‘’d in their 
chcTuical characteis : tc) tlu'sci two classes of 
compounds ai'c given tlu' iianu's ere/s* and alkolis 
respectively. Ammonia is an alkali, liydrochlorie, 
acid is an acid. 

Tin ‘SC* r(‘sults lead to a studv of the reactions 
and tin; comj)osilions ol a nuinlxM of <*ompoiinds 
which, like li\drochloric* a<*id, are sour, Avhich 
change tin* hu<*s ot vai ions colouring matters, 
which burn the skin and corrode cotton, wool, 
Avood, and the like; ; all th(‘se (‘om^RAundf? are 
found to be compounds of liydi:j)gen. A,ttcntion 
is turru’d to the alkalis, potash and soda, slaked 
lime and baryta, all of Avhich ha,v(* ])ro])('rties 
n‘senil)ling tliosi; of ammonia; tlu‘se compounds 
are found to be al^o compounds of hydrogen. 
Th(‘n the (du'mist naturally impiires Avhat change 
takes ])lacc Avhen I mix an aiud and an alkali ? 
lie tries, and, after much laborious (piantitative 
work, ho finds that a coni])ound is produced 
Avhich lias the pro^auties licit Iut of the acid nor 
of the alkali; the com[)ound is a mild, neutral 
suhstama*, unlike the burning acid, and different 
from the caustic alkali Avhich corroded the flesh 
so easily. The study of the composition of 
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riumlx!!* of the cornponfulR profliicofl 1 )y what is 
<all(*(l arids hy alkalis slanv that in 

Diany c‘as(‘s tli(‘S(i compounds- wliicdi arc known 
as —do not coiOain Jiydroi^cn, and tliat if 
livdro<^(‘n is one of tim (’,oi]H)i)m‘nts of a salt, 
tlicrci IS always Ir.ss livdi’o^^on than was contain(‘d 
in the a(*id from wlu<*h tin* salt av.is pjo<liu*(‘d. 
Wlfat, tin'll, lias Ix'come of some pari, or in cci*- 
tain cases of all, of tin- lndioi;(Mi of llni a(‘id'] 
Kxpcrimcnls shew that in almost ('very case 
water lias l)(*en prodiicx'd m Ikmi an aciil lias Ix'on 
iienlralis..'d l>v an alka,li to toi m a salt. TIumi it 
is n'liH'mhered that hvd)“(>*<‘ii ua.s 1:1 ven oil’ wlnm 

t > 

iioTi, or zinc, or other metal I'cacied ^ilh c(*rtain 
acids; it is now n(‘(evxarv to liiid out what 

1. 

licconu's of tlui iron 01* tin; otln*r metal wliich 
disa[)pi‘ars in the acid, d'he i(‘>ults of a, yr(*at 
many (piantilat iv(' (experiments is to piovi; th.d. 
the metal (iumhines ^v^th tin; (dement.^ of the acid, 
except the liydroyi'ii, or jiait of tin* liydro^c'n, 
Old that the comooiind s»; formed is a salt. 

Ihitif both acids and alkalis are compounds of 
hydi'Oi;cn, nn hy are some of th(‘s(; compounds so 
V(‘ry (liifen'iit in tlieir piojx'rt ies from the others I 
^Vcids and alkalis are o[)posed most marknxlly in 
their clnimical reactions. hy ai‘e acids acidic' ? 
Why are alkalis allcaliin'? To such wide <pn.*s- 
tions as these an examination of the reactions of 
hvdro;ren has led us. 

Tln» answer given in the old(*r days to such a 
(juestion as that—\\ hy are acids acidic ? was, 
Acids are acidic bccaiist* they all contain inore*or 
less of the princijilc of acidity. The form of the 
.msvver was soinetiuies varied a little, and all 
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acids were declared to hav(', in them some portion 
of the primordial acid. Bnt a ]u'innplr of nndifff^ 
and a primordial orid^ are ph rases, neither of 
which helps to advance accurate kiiovvledi^e. 
After s(;(‘kiTiL!; for many centuries to ex]>rcss the 
j)roperties of similar paiticiilar kinds of matter 
by assigning to them all the possession of a 
common ])iinciple. or (‘sscmce, naturalists have 
found tli.it nolliing comc's ot this method of 
classifying, that real knowledge is not advanced 
by it, tliat, indeed, when a man has loudly 
asscrt(‘d the existence of a princi[)le of acidity 
in certain bodii's, and a principle, of alkalinity 
in othcis, he is (‘xactly wliere luj w:is before. 
The attem])ts which lln^ clieTiiist mak(‘S 1 (j tind 
the cau.s(*- of tlu*, acidify of acids and of tlitj 
alkalinity of alk.alis take a dilierent form. The 
chemist asks—\\’hat is the composition of those 
com[)Ounds which h.ave certain re.actions in 
common, and which we call acids i AVhat if? the 
composition of those other compounds we call 
alkalis, which also have cm’tain common reactions ? 
The only answ^ers (diemistry can give to such 
questions as thosci we are asking now are answers 
which shew the connexions between propcrties'i 
and coin])osition. (.'iK'mistry ignores the more 
fine-sounding questions that begin with JFhy? 
and contents luirself with trying to find answers 
to those that beirin wuth How? And the first 

Cl 

result of the determination of the compositions 
of a number of ucids is that the acids are all 


fouiid to be compounds of hydrogen, and that 
this is the only element which is common to 
them all. The next question to be answered b}yi 
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experiment evidently is this : Arci all compounds 
of hydrogen acids? A short investigation suf¬ 
fices to answer this (juestion in the negative; it 
is found, for instaiu^o, tliat alkalis—tiui auti 2 )odes 
of acids-—^ are compounds of liydrogen. Evi¬ 
dently, then, whether a compound of hydrogen 
shall or shall not he an ac.id must. ))('. ('onneeted 


witrt the other eleimmt.s wher(‘witli the hydrogen 
i.s combined. Here is a. rich h(‘l(l of njsearch. 


I cannot tell of the diggings aiid loilings in this 
held, of the controversi(‘s Ixitweeii rival labourers, 
of the hopes and disa])pointments ; I must notice 
only the general n*sult. AVlien hydrog(‘n is com¬ 
bined with a relatively large (|Uantity of one or 
nior('. oxygen-like (‘humaits, of which oxygen 
itself may or may not lx*, one, IIh; coiiijxmnd is 
au acid, lly “ oxygeii-lik(* ehamuits’’are meant 
elements whicli broadly iest‘nd)]e oxygen in their 
typi(*a.l clieniioal reactions ; the most common of 
Hiese^ elements ar<* chloriiK*, bromine, iodine, 
nitrogen, .snlphnr, and phos])hor\is. Of course a 
large amount f)f accurate study would be i‘e([uired 
befoi’e one cnidd attach a dclinite menuiug to 
the jdirases \ ha ve used—“ oxygen like elements,’' 
nv “ elements which broadly resemble oxygen in 
their ty])ical chemical reactions.’ Hut these 
))hrases present subjc'.cts for detinile iiniuiry, 
they are science-producing exprc.ssions; and in 
this respect they aie in comjdetc contrast with 
such alchemical jhirases as Hk^ 'i)n)iciplo of aridity 
or /Ac arid. 

Ihit which among the various reactions that 
have been mentioned as belonging to acids is the 
^characteristic reaction of acids ? Prolonged in- 
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vcsti^iation Iihs c‘n;ibl(Ml clu'niists to nssert that 
all acids iiit(;ra<'t in ])]’(^sencc of watc'r \vitli metals 
(the coininon metals an* iron, zinc, co|)|)('r, nmr- 
cury, tin, and l(‘.ad) to e\eliani;e (Ik^ whole or 
part of l-lien’ liy«lr'o<>;en foi metal, and so.to pi‘o- 
ducc salts, that is, eonipouml.s of tlie nn'tal u^<;d 
with tin* elements of the acid (*xcepl the hydro¬ 
gen, or that part ot it \vhi('li has h(‘en turn(‘d 
out of tin; a<‘id hy the liu'tae Jn olh(*r words, 
tiit her the whole*, or sonn^ ]>ortion, of the livdro- 
ii;(;n in certain compounds is moi'e oi less I’c.nlily 
displa(*(‘d fr('ni th(*se com])ouiids hy cansine; them 
to intei'act with iinitaN in the j)r(‘.sonce of water. 
(/om[)ounds whicli have* tais common pro])ertv 
arc calle*el aciels, ami tlie'se* coin]>ounds are all 
forTueel of hydroi;e‘n in union with relatively 
lai’i^e (piantitie*s of e)iie; or more o\y<j!;en-likej e*h‘- 
m(*nts. It is the*!! a cln'inical 1‘eaction ot hyeli'o 
”e*n that, when this eh'ment is urnteal with con- 
siderahle (.piantitiejs of certain other eleme*nts, all 
e)f which l)roa(lly i’(*S(*nd>h‘. oxyye*n iji their ’ 
chemical r(*actie>ns, the hydioyem leaveis its com¬ 
bination with the'sei other t*leme‘nt.s when an 
iKjueous sejlution of the compe)nnd of wdiich it 
forms a pai t interacts with a im;tal. ^ 

What, then, about alkalis'/ The*, outcome of 
veiy extenelcel experiments is to shew that alkalis 
are eomt)onnels of hyelro^en and oxygen with 
rcilalively large quantities of elem(*nts which in 
their chemical inactions are the veny opposiie*s of 
oxygen. The liydi’ogen in alkalis is not tui*ne(l 
oi>t by causing them to redact with metals. 

Summing U]), we sc^e that the chemical reactions 
of hydrogen certainly depend on the kind 
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elements ^vhcrewith the hydrogen is eomhined. 
W hen it is (*()ml)iii(Ml willi a large (|uantily of 
oxygen-Iik(3 elements i(, is aridie liytlrogcm ; it 
ean h(^ turiKid out of llu'se comiMHinds hy metals: 
Avhen it is eomhined A^i1h a laige (juanlity of 
eei i-ain other (ihuinmts which aie cli('nn\.illy very 
iiiddvo oxygen, tluni, (‘A (Mi all hough som(‘ oxygen 
also is in tlu'se (‘(Am])ouiids, tin* hydi*og(Mi cannot 
he- tnriKMl out hy ihetal.f; it is elieinically <juit(i 
dilleixMit fi'om the li>dM>g(‘n of acids. It is (ivi- 
d(‘ntly im]>ossi])le to study the clu'uiical n*a(‘tions 
of hydiogen Avithout stud\ing the cli(‘inical re¬ 
actions of many other eho^ents, and many com 
j)»)unds, and the compositions also of many cnm- 
[)ounds. Jt IS, imhaal, Iitiually true; that an 
exdiaustiA^c study of the chemical iXMctions of 
hydiogen invojAU's an t^xhausli\i; study of many 
chcmi<*al ixaictions of (‘\(M y on<‘ of tlu^ ehumuits, 
and of a AUiVy huge nuinh(M“ ol (‘(impounds also. 
It Jiiay, I tliink, (‘V(*n lie said that a full investi¬ 
gation of any cliemical ix'action w'oidd lead totin' 
investigation of all otlier chemical U'actions; f(_u 
the )• ('acti(_)ns of any eh'incnt or compound are 
tlie changes that t.ike jilace avIk'H that body 
eacts Avith others to produce ei'rtain lU'W snl)- 
stane('.s, and the rt'actions cannot lie regai’ded as 
[iroperly inv(;stigat('d when tin* ])ro|)(‘rti(*s of 
the new snlistanees only aiai studied, hut the 
investigation re(piir(‘s the examination of tin; 
changes tliat occur when the tk'w sufistances react 


Avdth other suhstaiic(;s ; and so the st udy proceeds, 
until the wdiole of chemistry is enihract;d in ijio 
scope of the in<|uiry. And, moreover, the chemical 
^i^actions which are kiioAvn to-day are not so many 
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as those that will he hnowii to-morrow; every 
(lay adfls new suhstanees, and, th(n"cf()r(3, new 
reactions, to tin? science. Lack of variety, lack 
of suhj(3cts of in(|niry, are impossil)le in clnmiistiy; 
the study always * Iraws one on to n( 3 W lields ; it 
is satisfying, lait never gorging ; it is dilliciilt, 
but always fascinating; tliere is no branch of 
natural science wherein such a constant deinand 
is made'on that accurate*'aiKHniaginativc common 
sense which is called scaentilic methcjd. 


CIIAPTKli M. 

CONNEXIONS RETWEKN ( OMPOSTTION AND 

VKorEKTJES. 

The brief examination of certain chemical pro¬ 
perties of water and of hydrogen which was 
made in the last chapter necessarily involved the 
recognition of definite connexions between the 
chemical reactions and the com])ositions of the 
substancies (‘xamined. Tint as the study of 
the connexions between reactions and composi 
tion is the very essence of chemistry, it is 
advisable to devote a chapter to the illustration 
of the nuithods (iinjdoyed and of the results 
obtained. 

It is sixty years since Talbot laid the founda¬ 
tions of photography, lie dipped paper into a 
solution of lunar caustic (nitrate of silver), and 
then brushed over this paper a solution of common 
salt; on this prepared paper he laid a trant- 
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p;irent drau'ing, and placed tlie paper and drawing 
in sunlight; after a little timcj In; removtal the 
drawing, and at once ho took the paper, wher(*on 
the sun had imprinted a, copy of the drawing 
with the lights and shadows ^e^'(.1•s(Ml, into a dark 
7 )0111 and immersed it in a boiling solution of 
‘■ommoii salt, Talbot thus obtained a cojiy of 
liis di?iwiiig on which the sunliglit Avas without 
action; but the lights Ttiid fliadowsof the original 
drawing were reversed in tin' copy. Tic now 
laid the copy on another ])iece of paper, ])TC])are<l 
by dipping in solution of silver nitrate and brush¬ 
ing over with common s.ilt siilution, c\])osed the 
arrangenumt to sunshine, and ])ass(Ml the. pajicr 
through a boiling solution of salt ; and thus be 
bad a copy of the original drd^^'ing with the 
lights and shadows reprcsent(‘d as in the original. 
Idiese proccsst‘.s jiresent an intm(‘sting s(‘rics of 
changes of fiiopinties in c(‘itain diitinite sub¬ 
stances. ^Falbot’s process was not <pu*to satisfac- 
ti)iy : it was tialious ; tlie tii’sb n;sult ^.'as apt to 
fade after being (fxj)oscd loi sonni linuj to the 
light; the eojiy was not (piitc so sharji as might 
he desired, and so on. It was evidimtly ni‘ces- 
s:>#y to elucidate, as far as ]) 0 ‘-si])le, the changes 
of composition that act'ornjianitjd the observed 
chang(’s of properties, and then to compare lioth 
scries of changes Avith other changes like them, 
in order that, reasoning on this basis of well- 
established facts, renualics might be suggc'stcd 
and modifications might be trieil. Now the pajier 
which had been soaked in silviT nitrate solution 
and then brushed over with a solution of salt coii- 
tai/ied in its pores a deposit of a white solid called 
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chloridtj of silver. The foniiMtioii of (diloride of 
silvtir, hy hitoiijotiHM' solutions of silv(‘r 
nitrate and common salt, had hern known for a 
lonij; tinio befoi’c. Talbot’s day, and tln^ fact, was 
discov(‘r(‘d tullyuavo hundred years btdoi’o Ta]l>ot 
made his (‘vjjoriiiKnits tha,fc <‘ldoi idi'ot’silver is 
blackened by sunli^i^lit-. Hut. Avhat ehanire is 
broui^ht about in tlui (iomjjosition of (‘hloride of 
silver by tlu^ action o'r thd'sun ? It mii^ht well 
])e supposed that a definite answer to tliis (puis- 
tion must be found In'ldni photography could 
make any jnarked advance; nevertheless it is 
strange tliat a delinite and undoubtt^dly corned 
answer has not yet been gi\ en. \\ hen chlorid(j 
of silv(;r is e\])osed to sunshine tlnac is a very 
slight deei*(*as(‘ in weight, a minute trace of chlo- 
riiie is lemoved (chloride of silver is a com])ound 
of (‘Idorine a.nd sdver), and p(‘rhaps an extrenudy 
small <piantity of oxygen (‘nt<‘rs into chemi(*al 
union with poi’tions oi‘ lht‘ silver and eldorine. 
Whatever tin; change of composition may be it 
atF(icts only a very thin laya'r 'on the surface of 
the chloiidt' of silver. 

Talbot found that chloikle of silver dissolves 
in a boiling solution of common salt—a delin^’le 
compound of silver, sodium, and chlorine is ])ro- 
duced -but that the dai*k-coloured substaiua; 
produced by tin; action of suidight on chloride, 
of silver (h)(‘s not dissolve in this solution. It is 
ineoiivenient to work with lioiling liquids. After 
trying various substaTices, dalbot found that 
chloride of silver dissolved easily in a cold solu¬ 
tion of liyposulphite of soda— a double hyposul¬ 
phite of silver and soda is produced—and t\^at 
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the product of the darkening of chloride of silvc'r 
])y sunshiTie was insululjle in this li(jui<l. Mca'ci, 
then, was a distinct step forward. Talbot now 
trie<I anotliei’ ('oinpound of silver called iodide of 
sih er in plac(‘of t]i(‘ (ddoi’idc^,an(> 1 h‘. found that a 
bange was bi'ought about by tlu‘> sunshine in tlu^ 
‘‘oiuposition of a nnnntidy thin layer of the iodidi^ 
(>f sil\lu‘, ))Ut that tliis eliange did not make 
itself visible until another eliange was induced 
by dipping pap(*r coaleil with iodide of sil\(‘r, 
aft(U' exposuri' to sunshiru*, into sonui r(‘agent- 
which I’eaciCil with tin* \(‘iy small [lortion of 
t lianged iodid(‘ of sihta t( piodiice, a \ isibhi 
image. This w.is tlui Ijegiinnng of new nioditi<-a- 
tions ; It. was no longin’ necessary to ex])ose the 
.simsitive jiaper to the a,ction of sunlight until a 
picture uas iinprint(‘d on it visibly, but a vm’y 
.'^hort c\p(3suie snfhei'd so to change a iniiiiite 
(|Uantity of liV‘ sensitive salt tliat anothen* change 
\wis br(^«>glit ahoul by tlie reaction of som(‘ other 
tVagcnt on tin's altereil tiaee of tlie sensitive salt, 


and a visibh*, piet.iir* was the tnial result. Those* re- 
-‘gimts whiehaet; i ehloridi* oi iodide of silvei\and 
also on broiniife of sih er, afti*!’ (‘xposui’i* of these 
saifcs of silvei’ to sunlight, are called 
for they diiveloj) the hy eausing changes 

in eoniiiosilion and ])ropcrties in those*. ])ortion.s 
of tlui sidts ol silven* tliat liavi* alrt’ady Ixm'Ii 
•’ hanged, although onlv to an extrcmelv small 
extent, by the action of sunlight. 

process of ])rodueing pii tures of ,.i,j (*et.s 
bv concentrating tlie rays of light coining froiii 
those obj<*(*ts oti to one spot, by means of lenses, 
^vi/, introduced by Daguerre, following the lines 
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of Niepoe, towards tin* end of the thirties of this 
century. Sincii tluit time huisos and cameras 
have boLMi veuy greatly improved, hut the prin¬ 
ciples of lliis, the })liysi(*al, part of [)hotography 
remain nnehang^i;d. 

'Die sensitive: surface on wliieh tin; pi(;tiire of,, 
an object is to be drawn ly the sun is generally 
pr(^])ared nowadays l)y dissolving broniide of 
potassium, or bnuni(fe of'ammonium, in water, 
adding gedatin, and then an exactly sufficient 
<|uantity of silver niti’ale solution to react 
with the whole of the bromide of })otassium, 
so as t() produc'st solid silver bromide, and 
potassium nitiatt) w]ii(di remains in solution; 
an (‘mulsioii is formed by sliaking until the solid 
))romide of silver is dissominat(‘d, in extremely 
small ])articles, through the gelatin solution. 
This emulsion is tlnm healed for* a tiiin;—thest^ 


0 [)eratioTis are, of course, carried ou in the dark, 
or in a, room light(;d l)y orange-red light—and 
allowed to (*o<d, and the semi-solid gelatin, with 
the minute ])arti(des of silv(b* bromide dissemi¬ 
nated through it, is washed with cold water 
until everything tliat will dissolve- in water has 


been removeed. 'i'he washed gelatin emulsioti is 
thoroughly mixed with enougli gelatin solution 
to make it the jii’oper consistency ; and this semi- 
liipiid emidsion is ponr(‘,d evenly over cIcmui glass 
plates, which are then allowed to dry. When a 
prepared plate is exposed in the camera for a 
fraction of a second to the rays of light which 
come from an objcict outside the camera and are 
collect(‘d and concentrated on the plate by the 
lenses, a change of composition, accompanied by 
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11 change of pro[)crties, is brought about iti an 
extremely thin film on the surface of fhe bromide 
of silver on the plate. Tlie change of composition 
is certainly one wherein a minute trace of bromine 
is removed fi’om silvcn* In’omid^ ; and it is prob- 
.iblo, l>ut not certain, that a conijxjmid, or com¬ 
pounds, of silv(‘]*, Inomine, and o\yg(;n (from the 
air) iS formed The trace of ])i’omine removed 
from the silv(‘r brojiiid(‘. that has beeai allectcd 
by the rays of light is al).soi’bed by the gelatin, 
vhereiFi it produces one or more ci)mpounds. 
'riie amount of change on tin*, sensitive surface of 


the plate <lepends on tlu*. i#itensity of the light 
that falls on it, mure light c<)m(;s from tlui lighter 
parts tluiTi fiom the <larker pai ts of the obj(MdvS ; 
and, therefore*, the amount of chtmiical change is 
greatest in (hos(' parts of the silvcir bromide on 
which the rays from tin* more lighted [)orti<jns of 
the objects have imping(ul. 

At J:!n’s stag(*. nothing is to be seen on the 
])late ; the jhclure must now la* developed Kor 
this pur[)ose the jdatci is inunersed in a solution 
of some reagent which removes bromine, and 
l)erhaps oxygen also, from th(i <*omponnd (f)r 
(Ani[)ouiids) that liavc been fornie.d by the action 
of light on the silver bromide, and l)y doing this 
t)roduces silver in a state of v(‘ry fiiie divisioFi. 
The action of the (h‘V(*lopcr gen(‘ially nsed seems 
to extend beyond the minute (jnantity of photo- 
chemically changed silver bromide; these de¬ 
velopers pro})ably remove bromine, and lienee 
produce silv<‘r, from some of the silver bromide 
which has not b(‘en cliangcid by liglit. As the 
process of development proceeds a picture of the 
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ol)jo(;ts aj^peiirs, willi i\\c and shadows 

inverlcd, tin* pictturc heiiii^ hnilt, np of V(M'y finoly 

dividc'd hlack )articl(^s of sih (‘r. As innst. liicht has 

« ' 

H'iicIkmI tho ))lat<'. from those ])ai‘ts of tlie ol)j(‘(‘ts 
which were most*'liylitial, it follows that 
tlui (ha'omposition ot tliii silvei‘ bromide has Ixhmi 
(‘ aiM'iod fnitlh'st in those |)arts of tin; platj*, and 
that tin; de])o.sit of silver, ])roduc(H ])y the 
develop(;r, is tliirk(*st. on tlnW^ parts; that is to 
say, tlie l)iyh(‘Nt lights ot tin; objects* ])rodnee the 
darkest pictnia* on tin; ])lat(;. When the dcvelo]) 
in;L^ })r(>e('ss is linislied tin; nnchaiyi;(‘d silver 
bromid(‘ is dissoUed otl‘ the |)lat('. by iinniersinL^ 
the ])late in a solution ol‘ hyposnl[)hit(‘ of soda, 
and th(*n wasliinu; vvvy thoi*oni;hly in lainnini; 
wat(M' ; tin; pi(tnr(‘ is now said to ])c Ji.rnL 

1 need not into the jnocesses wdu'reby the 
])ictiire on tin* j)1ale is n^prodina'd on stnisilised 
])aper with tin; lights aral sh.idows in t-ln; same 
order of bi'illianey as th(‘y were in the priinitial 
objects. Sidlice it to say tliat the plati; is covered* 
with a pi(‘ce of j)a[)cr which "is coated with a. 
sil\(‘r salt (i;eiiei'ally silvei’ chloTkic*), and Iii;ht is 
allow<Ml to fall thi'oiieh the ])lai(; oh to the sensi¬ 
tised }>ap('r, wlnnann chanyi's are brouLcht aboit 
more or less siinilai* to those wliich occuired on 
tin; j)late wlnni it AVas exposed in the cariKua. 
The li,L^ht reduces tin; silver salts in the paper, 
and tin; compounds thus produced are reddish- 
liroAvn; reduction occairs to the least exttmt on 
those parts of the pap(‘r whic.h arc covenal with 
tJ'ie thickest silver lihns on the plat(;, so that 
those parts of the original objh'cts which were 
most lighted ap])ear also most lighted in the fit^il 
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print. The ])rint is now foned hy immersion in a 
solution of (• ilorido of gold ; the various coni- 
)()uiuls which fuian the pictures on the print 
)r('al\ U]i this gold salt, and a small quantity of 
gold is deposited on the pi(;ti>i*e ; the obj(‘ct of 
tlurt [)r(A*(iss is t(j iiupait a. pleasing (colour to tlni 


piint. The silver chloride whicli remains in the 


[>apcf unchanged is now renioV(‘d l)y immersing 
the ])aper in a solui.>on hyposulphit(i of soda; 
the paj)er is.tlnni thoroughly washed and allowed 
to (Irv. 

Tarts c)f the processes use(I in [)hotography are 
certainly physical, and ))a»/- of the success de- 
)ends on using skilfully made instruments ; 
mt the cha?iges wheic'on tin? essential portions 
of photogra])hic pi‘ 0 {‘ess(‘s rest ai’e <!hang(is in 
the compositions and ])i'o})erties of definite chemi¬ 
cal coinjMjiinds. The change, the almost in- 
linitely miinite hut still delinitc; change, brought 
about by lh(3 light in the sensitive silver 
hromiVje produces a compound (or compounds) 
whose most maflvUMl [)roporty is its j)o\ver of 
reacting, gradually, with other definite com- 
pounds, that are ealhal de\ elo])ers, to produce 
>ilver. Then there is the fact that silver 


bromide reacts with hy])()sulphite of soda to 
form a compound which is soluble in water, 
whereas no action occurs between hy])osulphite 
of soda and (u'thei* silver or the compound (or 
compounds) formed l)y the. action of light on 
silver bromide. This gradual development of 
the wondcjrfiil art of j)hotography is a strikirig 
instance of what may be done l^y studying the 
ci^nriexions hetwecTi definite changes of com- 
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[KjsitioM iind definite chunges of properties. It 
is true tlwit many impnwemeuts hnv(i l)een m:id(i 
in plioto^rapliic processes by who iHiitlua* 

knew nor cared much about the (^xact study of 
material rliani;(‘s ( but it is also true, that all 
tli(j d(‘(‘p-s(‘ated chani;(‘s in the ait, all -.In; f«tr- 
rcxudiiiiLj; discov(M-ii*s, ha\e come from accurate 
and ])ainstal<iiii^ attem[)ts to find out ‘A'hat 
chaiii;es in conipositiiin a^iually take ])lace 
during the dilliacmt parts of ]‘hotogiaphie 
2 )roce.ss(*s, an<l in Avha,t w:iys tlu‘se aix* eon- 
nect(‘d with chang(‘s of jiroperties. 

The next (example 1 L;i^'e of tlx* ri'sidts of the 
study of th(i connexions b(*tw(‘(*n changes of 
(‘omposition and changixs of properties will be 
taken from tlui manuhictui nig imlustries. There 
are grea,t, dinereiic(‘s betwiam tlui proper!i(;s of 
iron and tho.s(‘ of ironstone; tlu.i ])ropi‘rties of 
tbe former make it the most U''<‘ful o f the m (ital s, 
wlienxis iroiistom*. is of no ns('. in itsell, but only 
in that it is a source of iion Corresp<jnding 
Avith tliese dillerinuais in jiropLvties, therii must 
be some dilfeixMice in conifiosition ; if the latter 
ditfej’once is known it \\ ill doubtless be. possible 
to arrange r(‘aetioiis Avdiereby the jiassage froj^^i 
the one substance to the otlu'r may bo accami- 
plished. Analys(‘s of ironstones sluiw that most 
(jf them c()ntain compounds of iron and oxygen, 
mixed with other com[)ounds of other elements. 
The probhmi then is to remove oxygen from its 
combination Avitli iion. Kow it is known that 
charcoal or coke bums faii'ly easily, and that 
Avhile burning it combines Avith oxygen; more¬ 
over, experiments in the laboratory shew tUit 
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\vh(‘n a ini\turo ot iiiKily jxnvdoiT'd charcoal and 
oxnlo of lead, oi* oxide of copper, is luiahid, th(> 
iLi^lowiiii^ cliarcoal takes oxy^(ai a,A\ay from th(J 
metallic oxi(l<‘, and [iroduces carboiiic acid ^as 
and l(‘ad, oj* copprr. Fuitliet e\jKM'iments on 
tlie hinTiiny of charcoal, oi* cok(‘, sh(‘\v' that Avluni 
a la}(‘r of one ol tli('s(‘. inatm’ials is lit;hted at th(j 
bottom, and js bid with sutlicieiit air fioiu be- 
n<‘ath, the (arbonic aca’d y.is which is pi’oduccd 
is d(*|)i’iv(‘d of lialf its o\;yy(Mi as it ])asses throui;h 
dm iipp(M’ layers ol heali'd chaicoal, oi* cok(‘, and 
a i;as is pi-odiice<l which is called carbon mon¬ 
oxide. This carbon nm^nxidc* is easily in- 
llajimiable in iIk' air; it- binns with a pale blue 
llann* and ])io(luc(‘s caibonn* acid gas; it also 
easily reino\'cs o\yi;<‘n fioni vai’ioiis inelallic 
oxid(‘s A\ Ikmj heated wdth llnmi 

Jlei'e. tlnm, are chemital i (‘actions on w hich 
ma,y b<‘ reared a pio(css foi (on\(*rtiiig iionstone 
into ij’un. If the nonstoini is mi\(‘d with char¬ 
coal, or (iok(‘, and strongly InMted, air Ix'ing 
admitted fiojn bemxith, some of the chari'oalj or 
coke, will be bin lit to rarbonic ac!(.l by^ the 
oxygen whicli is admittiid in thi‘ air, Imt soino 
#f it w’ill probably bi^ biiint by o\yg(‘n Avhich it 
uithdiviAV's from tlu^ oxide of iion in the iron¬ 


stone. j\lore-ov(‘r, as tin.! carbonic acid 


gms 


masses u|)w^ards it xvill most likely b(‘ robbed of 
lalf its o\yg(‘n by tlic hot charc(_>al, or coke, 
through wdiich it passes; and if this hapfxms, 


a gas- car bon mono.xiih*- will 

o 


be, formed wdiicli 


is (\*ig(‘i‘ to (ombine wn’th o\vg(‘n Avdiorever dt 

O c c* 

can get it, and which will, therefon^, in all 
liKclihoAxl, take aw^ay oxygen from the oxide of 
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iroji in tho ironstone. By two difTerent re¬ 
actions, then, will llu; wislied-for change be 
accom])lished ; oxygen will be taken away from 
the oxide of iron by t.lie |•(^‘lction betw^een that 
oxide and eliareoal, or coke, at a. higli tempera¬ 
ture, and oxygen will be. I’enioved bom tlicj same 
oxi<le of iron by tin'. i*<‘action b(^twe(‘n it and the 
carbon monoxide which is jn’oduccd by buiiiing 
the (iharcoal, or coke, uiidor special conditions. 

Tlu‘se two rciactions are those wvhich take 
)laee, along with olhei* chemical changtis, in the 
)last furnaces whei’c ii'onstone is changed into 

O 

iron. 

The reactions Acliich occur between oxides of 
metals and cai bon at high teinpei al ures ha.ve beem 

turned to account in the ])r(‘.f)aration of many 
other jnetals besides iron from their ores. ^lany 
metallic ores contain com])()nnds of the metals 
with oxyg(*n ; many othei’s contain' compounds 
Avith snlphui* ; a.nd some, called (“arlxpiates, 
contain com})ounds Avith caj’Vmn and oxygen. 
Now, as almost all metallic siilphides can be 
con\a;rtcd into oxides by roasting in a current 
of air—the sulphur is burnt oil*, being changed 
to gaseous sulphur dioxide, and o.xygen frowi 
the air combines Avith the metal that is freed 
from sulphur and as most, if not all, metallic 
carbonates can be changed into oxides, and 
carbonic acid AAdiicli gO(*s oil’ as gas, by heating 
strongly, it is cAn’dently no ditHcult ta^k to 
convert the sulphide, or carbonate, of a metal 
iin ore (»f that metal into the oxid<i. And 
Avhen the oxide lias beim obtained, the metal 
itself can very frciiuently be produced ^y 
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stronji;ly heating, in a suilnble apparatus, a 
mixture of tiui oxide with (‘liarcoal or coke. 

An examination of tin? change of ta)m[)osition 
that accom[>anies the changci of pro[)erties wlien 
a natui'ally occurring nu’Cillie ore is coiivorU'd 
ijiro a metal, lias ena))h‘d the processes which 
are likely to })rov(i ellective in the extrac¬ 
tion of this or that partitailar m(*tal from 
its ores to he arrangiMi togc^t-her, so that one 
who has a general, and at tlu' same time accu- 
rate, knowledge of this class ot ri'actions knows 
which p7*0(;(‘.sses aie Avorth trying should he have 
to deal Avitli some new pro’ihnn in t)ie isolation 
of a metal from those compounds of it that are 
found native. And 7iior*e than this, a know¬ 
ledge of the kind 1 ha\e s])oken of enables a 
man to suggest new nu‘thods wlnm all the 
ordinary and eon]i7ioMly used iiu'lhods have 
failed. H*e knows (he gimeial thai’aetfU' of 
the only inethoils he need atlempt ; he cuts 
(Jit a great many proc(\ssos wliicL the 7nei*e 
7'u)e-of-thumb iiffni niiglit be likt'ly to Ava,.ste 
time and (‘ncrgy in trying; he goe.s at onc(i 
to the root of tlie mattei. 

Take, for instanee, the ])?e])aa’ation of alu¬ 
minium, a metal which has coim^ i7it() considendjlc 
use Avithin the last f(‘W years. (a)in|)ounds of 
the oxide of aluminium with silica occur in very 
large quantitii^s in the earth ; these compounds 
form the clays. fJudging from the I’cactions 
that occur Avlien many metallic oxides arc heated 
with charcoal, it seemed possible that aluminiiwn 
might be obtained by heating a mixture of the 
oiide of that metal—obtairiablo from clay Avith- 
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out iimrh (liflu-ultv— and rliiircoal. liut wIumi 
lliitf reactiou was tried, tlie oxidr of aluun’niiini 
Was ]i()t de|)riv(‘d of its oxvi^eii. '^Fhe coniimin.ds 
which iiH'tals form willi cldoriiK*, l)roinine, oi‘ 
tluoiinci always ,shc\r distinct afialoj;ics in tlieir 
cliemical reactions ^^illl the metallic o\i(7es. '\Vs 
o\vi;(‘n can \crv otltni toi'n awav tioin a. 
DK'tallic oxid(^ 1>\" Iieatim/ that ovide willf car 
))on, or in a sta'cam of i;hseous car])on monoxi<lc, 
or with the (‘xtlamK'Iy ])ois(»nuus‘ c(mi])ound 
called ])otassiun] (‘vani(h‘, so chloriiu*, hi-ominc, 
or Ihiorino can ,i;cn(‘rally hc^ r-(‘nio\(‘d from a, 
metallic* chlo]*idc\ hMmiide, or iluoridc* by thc^ 
reaction of the metal sodium, or the. metal zinc‘, 
with tli(! mell,(‘d chloride*, bioinidc, or iodide*. 
'Ihese re'aclions A\eie‘ aj)j)licel, and applied sne- 
cessfullv, to the isolation of aliiminiiim. AIu- 
minium chloiid e‘, or, leather, a conipound of 
aluminium and sodium chloride's, was ])r<'.[)au*d 
from clay ; this e‘(nn])onnd was nielteeb and 
pieces of ilie metal sodium were, pressed inte)’ 
tin; senii-licjuid mass: an (‘xceedine;ly violent- 
reaction oceaii'iaal ; common salt was formeel by 
the union of the sodium u’itli th^^ clilorino which 
Avas torn aA\'ay^ from its (‘ombinatioii with ah*^ 
minium ; and the nu'.lted aluminium, noAV re.- 
moved from its union with chlorine, was ]>onred 
out into iroTi me>ulds. 

Ihit this method for maiving aluminium was 
not commercially succ(*ssful , the prepaiatioii 
of tho compound of aluminium and sodium 
cVdcArides from clay was a teulious and some¬ 
what difficult business, and the preparation of 
the metal sodium Avas expensive. Now 'St 
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was known th;it. iiinny cliloii(l(‘s, bromides, or 
fluorides ol nn^tals aro lorn ;isund(‘r info iheir 
eoiistiUiOTils wduMJ tlu‘,s<' snlts ui(‘ mol led and 
a cunont of ol(‘otririly is s(‘nl tluoni;li tlio 
mclttil salts. ddiis motlio(t \\as iri(‘d with 
ainminimn Huoridi*, and was suocfVssful. A 
(•om[)(aind of aluminium lluoi’idt; Avill) sodium 
iluorido o<-ours nati\o-, it called ti/i<iH/c. All 
tliat ne(‘d Ix' done to aluminium from 

ciyolife is to mi\ the miiicial A\ith a cpidain 
amount- of common salt—lli(‘ mi\tur(‘- molts 
more I'asily than cryolite^ alone -to melt tliis 
mi\tur(‘, and to ]>a>s a, riirrcait of tdeel-ricity 
throimh tlio molten snh^ta,iic('. 

O 

Tm n hack for a moment to 11m iron mad(* hv' 
I’enioviiu; o\\'i;(‘n from uoustone. Iron ma,de in 
that M’ay is not- ; it contains sovijral 

/‘t/' rrjtf.s, of carhon, w liicli makc's the ii'on fusihh* 
;uid capa-hle ol beiny run into moulds, or jnt/^ as 
tlioy ar(‘ called in the iron t-7’ad<\ Ste(‘I is 
nearly ])ni*o iron ; at least, it is iron conlainini' 
<'onsidei’ahly l<‘ss carhon tlian [lii; iron. As sti*(‘I 
is miudi hajdci’ than jii^-iron, and as it can he 
f(‘nij)ercd, a process which jii^-iroii rofusi*s to 
Umlergo, it is an (‘\c(‘edingly usidul variety of 
iron. How, then, can ))ig iron la*, changed into 
steel ? The 2 )rohh'm is to rtmiovi* fi'oni pig-iron 
someavhat inon* than liali the (piantity of earhon 
it contains, but to li‘ave about 1 to 11 jy^r vent, 
of carbon in the product. 

If air is blown into melted pig'ii’on, the wliole 
of the carbon is burnt to carbonic acid, an<l*at 
^he same time a litth'- of the iron is burnt to iron 
rust (iron oxide). It is not {jossible to stoj) the 
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})urning jM'ocess at the point Avlicreat just crioii,i;h 
caibon has b(‘eii burnt to iTisurc tlui formation 
of stool; l)ut it is possible, to stop the process 
exactly wlien the last trace of carhoii has been 
burnt away ; and* it is tfuni (\‘isy to stop t^je 
inrusli of air, and to add exactly enough earb(.)n 
to conv(‘rt the conhuits nf the vessid into steed. 


The Urs.'^fjner pnurss for ninking steel takes atfv'an- 
t;ige of the diil’erent itehaviours of iion and 
carbon towards air jitahigh teinperafare. Huge 
])ear-sha})ed \(‘ssels, innde of plat(‘s of wrought 
iron and lined Avith lii eclay, are employed ; 
several tub(‘s pass through the botl-oins of the 
vessels, and air can be blown in thiough thesci 
tubes. Th(i vessel is charg(‘d with molten j)ig- 
iron; air is blown in, and at once the lairning 
jiroccsses begin. The carbon is burnt rapidly to 
carbonic acid, whicli es(^a])es as ga,s, and at tlie 
same time a litthi ii*on is converted nif.o oxide. 
When the last trace of carbon is burnt aAvviy— 
the exact j)oint is indicated by a, sudden chang<‘ 
in the appearanc'C of the flame; issuing fiom the 
vessel - the air blast is stopjied ; enough <;ai*bon 
is added to convert the almost pure iron iji the 
vessel into steel (of course, tlie Aveight of mater¬ 
ial in the vessel is known), and the molten con- 
t-ents are run into proper vessels wherein the 
steel cools. The small quantity of iron oxide 
produced in the bin ning process remains un- 
melted as a dross or cinder which does not mix 
with the molten steel. 

These eases—the art of photography, the pro¬ 
duction of iron from iron ore, and steel froi^j 
iron, and the production of aluminium from com- 
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pounds of that niotal which are found in the 
earth- arc illiisti-atiuiis of tlie results tliat liave 
hceri obtained bv the careful study of the con- 

t.* 

nexions])etwe(*n changes of pi’opca’ticsand clianges 
of coiiiposition, that is, by the*study of chemical 
transfofIllations, The illustrations have been 


taken from the sphen' of b'chnical chemistry. 
I should now like t^o give .soiiu* exainph*s lioth of 
tlui results, and ol'^thc methods nsetl, of a more 
general charact(‘r tlian any that can be seleeted 
from thos(! chemical transformations, all more or 


less s[>eeial, which an* tmaied ( 
many manufacturing itidustt‘i(‘s. 
Oxygen combines wiili (‘very 


<> account in so 
une of thci ele- 


ineiits e\c('pt biomine and lluorine , tliese com¬ 


pounds, each of oxygen and one otlu'r element, 
arc called oxhic.^. Hen', then, is a lai’go nimilier 


of compounds \vith a similar com[)osition ; they 
are all In'nary eom|)onnds of oxygen. The study 
at the chemi(‘al leactions of this class fif com- 


[>ounds, related so (h ‘initely in tlnur composition, 
cannot but lx*, of interest. Some ovides dissolve 


easily in watiir, others dissolve witli dilliciilty, 
and some do not dissolv e at all. A([neoiis solu¬ 


tions of certain oxides are acrid, corrosive, and 


biting; they dissolve many metals with the 
evolution of a gas which is often hydrogim, and 
they dissolve washing soda, or (‘halk, giving oft* 
carbonic acid gas. Aipieous solutions of certain 


other oxides have a soap-Iikc feel, but are )iot 
acrid nor biting; these solntioris do not dissolve 
metals, washing soda, or chalk, with evolutwn 
of gas. When (h^finite quantities of a pair of 
oxides, one belonging to the first, and the other 
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to the yec-ond, of these chisscs, jire mixed in 
jKjueous solutions, tin* <*h;iracUn‘istie jU’OjxM’tics of 
Injtli oxid(;s vanish ; ;i li(|uid is ohlaiiHu] wliieh 
is iioilher uorid nor (‘oii-osive, iior soa|)y to t-lio 
toucli ; this li(|nid do(‘s not dissolve metals, ^lor 
chalk, nor \vasliin.e.-soda witli (‘volutimi (n a i^as. 
Th(i pnmiinent jiroperties of Iluj licjiiid arci best 
<leseril)C(l hy the word 'iirufial, Wdien this 
neutral li(|ui(I is evapoi‘a.ted, and then allowed to 
cool, a solid sej)ai'ates, ^(‘maidly in eiystals, 
ami an analysis of this solid sliew.s that it is 
compos<‘d ()1 lh(‘ tvo oxid(‘s aqm'ons solutions of 
wliicli were mixed. ^^The two oxides ha-vc' eoni- 
hiiHMl to form a delinit(‘ sul)stane(‘ wlios(' j>ro- 
perticrs are dillercnt fi'om those- of eillu'r of th(‘- 
oxides ; the eharaetin’istie ])i‘op(‘rth‘s of the 
f)xid('s ha\a‘ lieeii lost in the projiejties of the 
iKMV substance. 

It is customary to call those', ovidt's whicli 
dissolve* in valer to form aciid li<|uids,» that 
elissolve nu^tals, (iridic (uidcs : and to give the* 
name hasir in‘id(>< to thosci whosei <'irjU(;ous solu¬ 
tions are not acrid and do not dissolve nu'tals. 
The compound that is formed l)y mixing definite 
quantities of a({ueous solutions of two oxide#, 
one of which is acidic ami the other basic, and 
(‘vaporating, is called a sn//. It is found that 
many oxides vvdiich do not dissolve in water 
nevertheless dissolve in aqueous solutions of 
acidie oxides, comhining with these acidic oxides 
to form salts ; oxides which react in this way are 
included among the basic oxides. Again, there 
are several oxides whicli do not dissolve in 
water, but which combine with basic oxides to 
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foj’m s.'ilts Avlioii li(‘at(Ml with tlicm; siicli oxidi^s 
ai’(; i?iclu(l(‘(l ainoui; th(‘ acidic oviih^s. In all 
tlic.sc reactions, of coiii’so, deliiiitc ([iiantities of 
tho various oxides react-, and tlu*- wca'glit of 
each oxid(j which Ialc(‘s i»ai t '»in any one of tlio 
i(‘actioVis is always (‘xpressi])le as a wliohi mul¬ 
tiple of tlie nMctiui; A\(‘iyht of that; o\ide (>cc 
/ver/,'* ]). moreover, the total weti^ht- of all 

the products of (‘ac'il nia^'tion is (‘xadly ('(pial to 
the total Wv iylit ol all tlu' <leliiiitc huditvs that 
ha\ o r i‘act(Mh 

Thci’o ai'c some oxides wliich do not Ixdoim 0) 
either of th(js(‘, divisions vc#ar(.‘ coiisidei'iiiL: ; hut 
the two class(‘s of aci<lic aiid l>asi(‘ oxides (MJiitaiu 
mor(' than thri'c-ioui ths all the oxides. 

Let m(‘ illustrate th(‘ reactions ol basic and 
acidic oxides hy (hxsiaahiny thrtM‘ c.is(‘s in a litth; 
detail. \\ hen cai'hoii is burnt in phaity of 
oxyi^cn, o^ of aii, llie car'bon yiadiially dis¬ 
appears , if the liiirniiti; is ca,ri-icd on in a jar, 
and if some wat('r is ])oured into tlui jar when 
the liuriiini; is fione, and the jar is shaken, the 
wat(U’ is found to have' become sour to the taste , 
it is abb', to chamm the liu(‘s of vai'ious eolourin<^ 
•natters, and to dissolve some- metals (not by 
any means all imitaLs) slowly Avith evolution of 
hydiTymm. (\ii‘bonic acid j^as has been jiro- 
duccil and has dissolved in the vater If a 
solution in Avatei* of a little of another oxid(', 
namely, oxide of sodium, is pre])ar(‘d, that solu¬ 
tion lias the p!‘ 0 [)erli('s already enumerated as 
being characteristic of basic oxides , the lifpiidjs, 
indeed, Aveak soda lye. (^arbonic acid gas can 
aiso be made by pouring hydrochloric acid on to 
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lumps of mail)le ; if the i^as is ));Ls.se(l into «an 
a(|UCous solution of the basic oxide of sodium 
until the bubbles of iJie ^as cease to be absorbed 
by the li(iuid, and if l lui liipiid is tlnui eva})orated 
coLsid(‘i*a.bly and allowed to cool, a white crystal¬ 
line [)Owdci’ se])ai*atcs, end this ])owdi‘r is'j)iT)ved 
by (juantit.'ilivc (‘XjKMMnients to be 1acar*bonatc of 
sf)dn. salt blcaiboiiiitc of soda lius beeil j)ro- 

(luced by thc‘ inieractioif of (fcliTule (juantities of 
carl)onic a(‘id i;as, which is :ui acidii. oxide, and 
sodium o\id(‘, which is a l);isic oxide. 

X li(juid havinjj; all the j)roperti(‘s, to a. veiy 
marked of s*)]ntlons of acidic oxides is 

obtained by dissolvinjjj a (*ertain white ci'ystalline 
compound called sulphur trio\ide in w;itcr. The 
licjuid is veiy sour, V(U y acrid and coiTosive, it 
burns hol(*,s in oiu' s clothes, it iirilates the flesh, 
it dissolves many nu'.tals, (‘ven Avithout heatinsr, 
and it rajhdly evolvi's cai'bonic acid* <;;is from 
washini^-soda or chalk. If some of this licjiiid is 
heated, and iron rust, which is com])osed of iron ' 
and <.)\ygen, is thrown iiito the hot li<|uid, the 
rust ii;radually dissolve's ; if tlui addition of rust 
is continuc.d till a little of it iefus(‘s to dissolves, 
if tlu' li(juid is then strained olV througli a filt(i4' 
from the undissolved rust, e.vaporated until it is 
nearly diy, and allowanl to cool, a pale yellowish 
brown solid is obtained which shews none of the 
characteristic reactions of eitiuu' oxide by the 
reaction of which it has been produced. Quan¬ 
titative analyses prove that this solid is composed 
ofc ferric oxide (rust) and sulphui’ trioxide, and 
its reactions cause it to be j>laccd in the class j)f 
salts. 
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There is .-i yellow s:ilt c.illed chrom.-ite of 
j)of;ish, which is ];iri^ely used ;is a eolom*iiig 
iiijiteriiil, and from which many other colouring 
materials Ani ol)ta.iii(‘d. Tliis salt is a (*ompound 
of the acidic l ed ()\i<le of chroioinm and the basic 
i^A^idc })otassi\im. dlie coiiimonest mineral 
which contains cnnipounds of chromium is cluvtne- 

tlie main censlituents A\her(a_)f are 
oxide of iron and \n otide of chromium (‘ailed 
the i^reen oyidt^; this ovide of chromium is Ijasic, 
it contai]is less ow^i^cn, rclativ(‘l\' to a lixed 
weight of chromium, than the r(‘d, acidic, oxide. 
One result of a. long sinicip of (*xaminations is 
that althougli the red, acidic, oxide, of chromium 
cannot he jjiepanal by du’ectly adding oxygen to 
the green, bnsic, oxide, ii(‘vei‘th(‘h‘ss if the green 
ovid(^ is lieab'd f<n* a long timij iii the air in the 

O 

piesenc(' of solid o\id(* of ])ot;issium (solid potash, 
which is cf)ni])osed of j)otassiiini, liydrogen, and 
oxyg(m, is used), ind of a llux whiidi serves t<) 
\e(‘p Lhe whol(‘ niass nxilted, th(‘ greem oxide 
eomhines with (_^ygen which it takes out of tin' 
air and forms the r(*(l, acidic*, oxide, and simnl- 
tanoouslv tin; red oxide of chromium combines 

V 

^dth the basic ()\id(‘ of potassium tliat is pi’esent, 
and the wished for salt, clirornato of potash, is 
{wodimcd. The proci‘ss cannot be st(»pped at 
the half-way house; markc‘d by the formation of 
the red, acidic, oxide of chromium; l)ut this 
does not nuitt<'i‘, as the object of tlie nianii- 
facturer is, not to isolate this oxid(', but to 
apply the typical reaction which occurs betw(‘^eu 
an acidic and a basic oxide to this oxide and the 
basic oxide of potassium. 
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The study of llu^ relictions of oxides, tlint 
class of (‘oin|)ounds which lU'e so far likii one 
anothin’ in composition that i‘ach is coin[)osed of 
oxyi^en and another elcnumt, lias led to the 
di\asion of the i;r(fiater nnmhcr of tlie oxides into 
two clasM's, (Htdfr (uldrs a,ml h(fs(c o.ndf,'^. il'lvim a. 
enrsorv (‘xainination ot tlu‘. reactions of thes(‘two 
(‘lasses of o\i(h‘s has can ied ns away fiom o.^ides 
to anothi'r class of conip>)un(^s calhal .sr/Z/s. And 
in onr atl(‘ni])ts lo (‘lucidali; the ^’(‘actions of 
th ose coni|»ounds of ovy^cm, th(‘ oxides, w^e have 
rea,eh(‘d results which had aln'ady Ixrn ()ht«'iined 
in oui att('ni[)ts to (‘l,eeidate tln^ i(‘-actions of cer¬ 
tain com])ounds of hydioiztMi. In studying; th(‘ 
connexions l)(*t\\(‘en the compositions and pio 
perties of «i yrt .it class of eom]K_)unds of hydioi^en, 
the aei(K, W(‘ found that a salt is always on(‘ of 
the products of the i (‘act ion hctweim .an inpieijns 
solution of an acid and a met.d. \\’( now' know 
that a s.alt is .also produced when an aijueous 
solution of an .acidic o\id(i interacts with a. basic 
(jxide. ddiis, of course, ()hlii!:es’au impiiry to Ix' 
made into the compositions of those oxides that 
aie basic ; lh(‘ r(‘snlt is, .as miii;lu have hcam 
expected, that basic ()xid(‘s aii) oxides (jf metaU*; 
th.at is, of (dements wdiiidi res(*ml)l(‘ iron, copper, 
lead, tin, sil\(‘r, and y;old (compare what was said 
about met.ils in tin; last cbaptc'r, p. SS). 

but wdiat kinds of (dements are those whose 
oxides are acidic ? Tlu' answaw ^iven by (ex¬ 
periment is most acidic oxid(‘s are oxides of 
ehiments wlucli aiae chemically and physically 
unlike the metals, .and which elcimints chemi¬ 
cally resemble sulphur, plujsphorus, nitrogoli, 
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Mild oxygen. We liave already (p. 87) called 
tlies(‘ elenu'iits oxygeii-like elements ; they an*, 
nioia; eominoidv classed fuiretlier under the name 
nnii-nieinls. 

'^fwo (|uesti()ns remain, direvtly suggcrsted liy 
til?* r(‘."'ilts we liave olitained, and a. comparison 
of lli(‘S(', witli lliose A\hich tin* stndv of IiN'droireii 
taimwt tis [‘(‘jiaa’dinLi: acids and salts. A im‘tal 
interacts witli an ,V‘id t» form a. salt, and a gas 
wliicdi is ‘'enmallv liydroi-i*!! ; tin* salt' is com- 

• O 

[)osed of tlie metal and tin* eJeiiK'iils ot the acid 
save the liydi’ogcMi, oi a portion f)f the hydrogen, 
(s(U‘- j). 8o) ; hill a. basic oxi<Je, which is an oxiile 
ot a metal, r(*acts witli an ar|m‘oiis solution of an 
acidic oxide l(^ form a salt, vitliuul tlm evolution 
of liydrogi'ii or any other gas. J)o(‘s an aqueous 
srdution of an a<idic oxide them eont.iiii an acid? 
And when a basic and an acidic oxide reai't in 
s(tlutinn is ti nyt lung foi med be.sides the salt, and 
if so, wduib IS foiin<‘d ? Thesis (pu'stions ojien a 
.'(U’y*great liiild ol iiKpiiry, which cannot lx* gone 
into lime. Suiticii it. to .sa\' that, an acid is 
tbriiH'd in almost ev(‘ry case* when an acidic 
o\ide dissoh es in wat(*r ; the solution is accom- 
^jaaiied by an intera(‘tion betwc(‘n the oxide and 
the water ; and the jirodia t of this interaction is 
an acid, wliich is a comjxjiind of hydrogen (from 
the Avater), oxygen, and the non-nietallic ele¬ 
ment the acidie oxide wdien'of Avas dissolved in 
tile Avatei’. And the most piobahle exjihuiatioii 
of tln^ (‘hanges of composition that occur Avhen 
an a([ueous solution of an ac.idic (>xi<le—that is, 
an arpicous solution of an acid- intera(‘ts Acitfi a 
basic oxide, is to tlie eiloet that the metal of the 
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basic oxide turns out tlio hydro<;(‘ri, or a portion 
of the liV(ln)L:;('n, of the acid, and, combining with 
the otlier elements lliat formed the acid, pro¬ 
duces a salt, while the hyiliogtMi that was re¬ 
moved fi’om its vuuibination ciilers into union 
with tln‘ oxygen of the l)asic oxide andi forms 
wat(‘i-. 

One gcMieral result of the vmy cui'soiy e.airiii- 
nation wo l)oeu ;iiMe ^\) innke of the re¬ 

actions (d oxides is tliat tlui clietnieel [)i’o[)erti('s 
of these compounds depend, in sonu! measiue, on 
the geiKMal clieinical chauicter of the elements tint 
are conihimwl wu'th ox;vg(‘n. 'This n'sultis exac tiy 
similar to that \V(' arrived at from tlie study of 
(•(udain compounds of hydrogmi ; for w'o fonml 
that the clnnnii’al ])roperti(Ns of liydi'ogeii deptmd 
(thei’e may, of course', be other conditioning cir¬ 
cumstances) uj)on tin' generid chemical charactei* 
of the ele.ments, and also u})on the relative cpian- 
tities of the elenn*nts, wdierewnth the hydrogen is 
coni])ined (compare ]>. SP). Perlrips t he rel'ati vi‘, 
(jua-iitities of oxygc'u combined u ith another ele¬ 
ment inav ailect tin; ])asic or acidic reactions of 
the oxides of that elcTnent. Kx[>ei'hin;nt,s shexv 
that tin; basic or acidic chaiacters of oxides ar<^ 
undoubtedly conditiom'd by the relative (pian- 
tities of oxygen they contain. To give only two 
examples. There is an oxide of the metal man¬ 
ganese which contains weights of manganese and 
oxygen comlaned in the ratio (expressed in 
round numbers) of 1 to J, and that oxide is 
decidedly basic ; tln're is another oxide of the 
same metal wdiich is distinctly acidic, and that 
oxide contains weights of manganese and oxygAi 
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conil^iiK'd in tlio jvDio j'nuiMl jm))i])Ois) of 

1 ; L 'rii(*U' ;iro two oxidt'.s of cliromiiiin, omi 
of A\lui*h (‘ontin'ii^ just twice ;is imicli oxyg(‘ii ;is 
()tlu‘r c<)ml)iiic(i w ith the sjiok'. Aveiulit of the 
luetjil ; that oxide Avith llu‘ sAialler <ji];intity of 
(;vy^(a:’i> ])asi(*, and that witli th(‘ l.ni^er rpian- 
lit.y ol oxyi;<‘n is acidic. 

d’lfe stiidv ot th(‘ relictions of o\id(‘S leads to 

f I 

the study of acids, ^alts, nu'tals, .ind non iin‘tals. 
'riiis study illiisti’ales w^ial I sai<l before, that 
e\'eiv eln‘nii<‘al inUM.niion <*ontains in itself the 
wdiole sciciice of clieniisliy. I ha\(‘ tii(al in this 
elia[)tei’ to indicate' tin' na'*uie of tin' pi'oblems 
the (dnnnist has to ilcal A\ilh, to outline some of 
the mi'thods he. uses in tryintr to solve tliese 

I i' 

U'obh'ins, and to not i<*e a li'w of tin; results luj 
las obtained. J would conchidi' the chaptei'by 
iusistitiLC on tlu' fact that tiu' stndv of the con- 
nexions l.x'tTw (‘cn coni|)osU ion and i i'actions, ;uid 
1“^ a necessary eonseijiu'iKa'. tlu' (‘xaniiiiat ion of 
I le (‘OiiiK'xioiis between eliaiiL^es of <_ oni posit ioii 
and eliaiii'es of t(*actiojis i.^ tlui \crv essence of 
chemistry. To examine' a thini; as it is, apart 
tiom othe'r tuin_L;s, is not the hiisiness of the 
<iieniist. \\ lien eluini^ei begins ehemistry begins. 
And as iltc fcxitui'e* of Ininian life* is variability, 
and as nine-tent hs of our manufaetures are con- 
(‘('rmid with changes in matei ial things, (‘heiniistry 
is tlie scimico wdiich enUTS ino.st intiinately intej 
the daily life of hiiinanitv. 


II 



CHAPTKli VII. 


THK COMrOSITJONS AND l*ll()|’KHTri‘:S OK SOME 

COAIKOUNDS OF rAlOiOX. 


Titfuf is one elcmont tin*. uuinl)(*r of avIkisc c(jiii- 
jxmnds Ls li^renter than tin* sinn of nil the com- 
])oun(ls of nil the olhei’ (ileiiieiits ; that eluaieiit 
is enrbon. Diamond ih* nlniost })U!*e enrhon; 
(ihnrconl, i^i‘a])hile, lnm])l>lnek, coal, iMid coke arc 
mixtures of carbon Avitli various other substances. 
The flesh, blood, bones, tissues, and all the other 
parts of animals e^mtain lari;(* (pinntitios of 
com[)ouuds of <*ai bon ; and compounds of this 
element form tin* ^reat(;r part of cv(*i‘y ])lant. 
A'"ast rpiantities of carbon compounds are found 
in the crust of the. earth ; about lbs. of every 
10,000 lbs. of ail’ consist of a compound of 
carbon ; and the same gaseous compound is 
found dissolved in almost every s[)ocimcn of 
water. And besides the i^reat array of com-» 
pounds of this (*lcment that is dir.tributed through 
nature, many thousands of other compounds of 
the same (dement have been prepared in the 
laboratory. 

The range of properties of the com})Ouiids of 
carbon is very giu'at. Some are solids, some 
licjuids, and some gases, under ordinaiy con¬ 
ditions of temperature and pressure; and the 
colours and ap[)earanccs of these compounds are 
as varied as their number is large. All the 
aniline dyes arc compounds of carbon; gun¬ 
cotton, nitro-glycerin, and the constituent com- 
, pounds of all smokeless powders arc compounds 

114 
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of carbon; alizarin, iiidit^o, and the coloizring 
compounds of saflVon, brazil-wood, logwood, and 
cochineal belong to this class ; all ordinary kinds 
of fuel—coal, wood, peat, coabgas, and oils— 
are mixtures of compounds \3f carbon ; almost 
every "cind of food w(; consume is a mixtuic of 
conn)OUT]ds of this (;lem(*nt; (In* characteristic 
constituents of almost all our biwcra^es are 

KJ 

carbon comjunuid^; the greater number of the 
drugs that are. nstid in illness arc mixtui'es of 
this class of com])ounds ; all, or almost all, the 
cvil-smclling gases that are produced when 
animal or vegetable matler decays are compounds 
of carbon ; and all the odours of sweet cssemces, 


and the delicate bom|nets of choica* wines are the 
odours and the bou<(uets of compounds of the 


same elcnKuit— carbon. 


The chemical reactions 


of these compounds are surprisingly numerous 
and surprisingly diffeiwuit: some (‘oizipoiinds are 


oxides, many are acids, and many a]*e salts; and 


Ghere are also represfuitatiA Cs of dozens of classes 


of compounds ^f^uch are not to be found among 
the compounds of any of the other elennujts. The 
study of the compounds of carbon is eminently 
Jitted to throw light on the central problem of 
chemistry, the problem, that is to say, of the 
connexions between composition and reactions. 

t)n])pose a jzerson with some general knowledge 
of chemical changes—let us say, one of those 
who have followed the course of this book to the 


jzresent chapter—had put before liim a statement 
of the qualitative composition of each one of tJbe 
compounds of caibon known to-day, I am certain 
his first remark would be : “ flow vast a number 
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of diHenMit compounds is formed ])y tlio union ot 
so smnll .T number of diifcrent elements/’ For 
the st;itrm(‘iit would ivvt^.d the t;u*t Unit by hir 
the gn'iiter number of tin; compounds of cjirbou 
—I suppose I here* would be ;it l(‘;ist 20,000 of 
them—jiK* compoun<ls of tb;it ehurieiit with the 
lhr(*e other eh‘m(mts hydioi^cm, oxyi^^en, ;nid 
iiilro[i;en, or Avilh two of (best* thre('. eh^iiu'nts. 
'rh(‘ statement woidd ineludi'ha very fnir mimb(‘r 
of compounds containing chluriiK', or bi’omine, 
or iodine, or sulplnu*, in addition to cai'bon and 
one or moi ('. of t he tin ei^ ehmieiits just numtioned ; 
and there Avoidd bf' a tolei'abh' show^ of com¬ 
pounds eonlainin" m(‘tals, Ixisides carbon, and 
hydro^cm, ovv.^en, and nitroii;en, or tw'o of these 
thriiO (ihmienls. M(‘Ve]’l h(‘l(‘ss the i^iaiat liulk of 
this array of com[K)unds ^vould be found to l)e 
com])ouiids of carbon with two, or at most wu’th 
thre(', other ehnmmts. \\ r have evi^Iently rich 
material in the lompounds of c.u'bon for stu<lyin^ 
the connexions bet w'een composition and nvictions. 

Altlioimh theie is such a^ti'feat number of 
carbon compounds, and althou^h the reactions 
of them dillbr much, yet the classilication of 
these coni|)oim(ls an lh(i basis of reactions k) 
more definite*, <lescri])tivc, arid sue:g'estive than 
the classilication of the com|)aratively small 
number of compounds of the oth(*r elements. 

Kach of llu*s<‘ many compounds has its own 
perfectly delinite and (juite unchangeable com¬ 
position. The weights of the elements united in 
aity one of the com])oun<ls are cixpressible by the 
combining wau’glits, or by wdiole multiples (r^ot 
generally very large whole multiples) of the 
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of tli(‘ el(‘nioiifs in (jiiestion, 
Tako, fur instaiKH*, rurnpomids of tin* toiir 
jjionts <*arl>un, h\()\^ ^rn, aiul nil ruiii'n. 
The s\'nihol for tin* lirst of tlic.^o (‘InnK'nls i.s (\ 
l(y.* tlio K'cond 11, for tin* tliii*(l (), jind f<_)r tlio 
fourlli N ; and of tli(‘S(* s\'nd)o]s i (‘|)r(‘^(3nt.s 

one (•onihininjj of tIn* h\'ml)oliheil 

^ t. 

(tlie \alin*s of four roinkiniiiL; in 

round nuinl>er^ arc *t’ 1 “J, II I, () IG, 

N — 1 I) Tin* conipositioris of all I in*. ronj[)ounds 
Inna* Ik'cii for incd, or A\liirli can l»o ioi’nied, 
l)V tln^ union of tln‘^(' foui' (‘hunt'iits is expressed 
Ia' flu* sitiirle fonnula 


ll„<> Ny; 


wliei'e n, />, r, and d avv A\liole niindx'rs. 11 any 
values not ureater Ilian lO \\'ei (* I'lveii to each of 
tin' indices a, <\ and o', I lie symbols would 
e\jiress the corijio.^ilions ol a lai _ee nnniGrr (la ithy 
no njeans all) of tlie coin[K)iinds that have Ix’eii 
isolatial of carhon with the. tln’ci* otln'r el(*nicnts. 

Kach of tin* many compounds ot cathon lias 
’Is own j)eculiar leactions wliicli mark it off fT'oni 
< vei’V oilier de,linil(‘ kind of math*!*; iiev(*rthc- 
♦ess, the reactions of many of the e(mi])()uuds are 
so much alike that thesi* eonpiounds may he 
put lo^etln*]’ ill oin* class ; the ri'aci ions of anotlier 
consideiahle inimhei are so .similar that these are 
put into another class ; and so on. 

All I can do is to traci* in meri‘st outliin; some 
of the rotiults obtained hy the study of the two¬ 
fold aspect of a few eompounds of carlion. • 1 
sfall try to state the results so as to .suggest the 
methods hy wliich they have lieeii attained. 
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For the pm*pose of gathering togetlier the 
compounds of carbon under a common name, it 
is customary to spcjak of tliem as (nyaiilc cuni- 
ponn.iU. I bit these two expr(‘ssions, organic 
compounds and cbmjiounds of carbon, have n';4 
always had tin* same meaning. Many \)f the 
compounds known to tlie eai’lier ch(;mists were 
obtained from substances of a/iimal or v(;geta)>lG 
origin; these (a)m|)Ounds, coming fiom organic 
sources, were naturally called oigaaiic compounds. 
As it was deemed ^ery important about a cen¬ 
tury ago to emphasise every ilistinction beUveen 
living and non-living things, clnunists used to 
assert that the elements ot whicli organic com¬ 


pounds were composed must be dillerimt from 
the elements that build up the compounds con¬ 


tained in minerals. 


But analvs('s of organic; 

• y C* 


Com[)Ounds were; amassed ; these compounds 
were found to be; composed of elements well 
known to the studemt of mimaal cliemisti’y. 
Then it was .«^aid that the arrangement of the 
elements in organic compounds must be dilfer- 


ent from the arrangement of the elements in 
inorganic com[)Ounds, that is, compounds obtained 
from inorganic sources. If one asked; WhjF^ 
must there l)e some essential dilference b(;twoou 


organic and inorganic compounds? one was 
told that organic compounds weic )>uilt up iu 
the plant or the animal liy the agency of “vital 
force,an agency uid^uown in the inorganic 
world ; and that where “vital force” came in it 
prL'duced results radically unlike those brought 
about by any other cause. 

The controversy, kept aflame, like so many 
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others, hy giving dihcrcut, and always indefinite, 
meanings to tlic same terms, wa.s stilled and then 
extinguished by tin* lusiilts of a series of exjieri- 
ments jniblishcd in 182s by a great (lermau 
chemist named AVoliler. If l^i(‘re be any com- 
]»oun(l .vhicli is a typical product of the woiking 
of living oi’gaiiisms that coni])oim(l is inni. In 
1828* Wohler pi'e|)^rc(I ui'ca, Iroiii com[)ounds of 
mineral origin ; that is, in tin* language of the 
“ vital force’’school, AA'ohler jirepared, without 
the aid of ‘‘vital force,” a conipound which till 
tlien had been pi’ejiarcsl only ))y tin* action of 
“vital foive.’^ Al.uiy (4hei«coni])ouiids regarded 
as distinctive* ])roducts of the action of ilu) “vital 
foree’’ were })r(‘})au‘(l soon afUnavards from 
inorganic sources; and when twenty oi‘ thirty 
years had [)ass(‘d “ vital foi’ci* ” laid disappciired 
from the domain of clKmiistiy. 

Organic, chemistry has then to aim at the 
(‘xprv^sion of the connexions bct\\(Mm tlio [iroper- 
tics and t he compositions of compounds of carhon 
in general statements, which sliall hold good in 
all ])artic,ular cases, and Avliich shall sliew forth 
the essential (‘haracteristics of the relations (hat 
have been ascertained. Organic chemistry lias 
<advanced some wav towards this goal, bub she is 

t 

yet far from the end of tin* journey. 

Among the earliest, the most indefatigable, 
and the most daring, workers in organic, cliemistvy 
are to he mentione<l Liebig and Dumas, two great 
men of science whose names are evei‘ to he held 
in renown by all students of nature. In 18^)7 
J/ebig was asked by Dumas wliy he had ceased 
to work at the chemistry of carbon compounds ; 
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Tiiebii;’ roj)lio<l that “with tlic tli(‘ory of Rul>^titu- 
tion as a fouiulal ion, tin' t'diiit o may nowlxihuilt 
l)y wor kmen ; niaslers jir**, no longer lavded,” Iji 
the opinion of one of fi;i*(*at- masters of the 
scieiua;, the tlu'oiy'of siihstil ution was tin* fonnda' 
tion of or^«inie elieinistiy. 

ddi(‘ eoneeption of suhstifnfiu/^ must, (lien, l)(i 
one of tlie most ini])orLant ni,‘iin i’(‘sulls oi tire 
study of ori’dnir* rh(‘mislly Let us try lo u]id<‘i*- 
stand wliat this conception is. 

ddie Jiicntal pictui'c coircspondini^ to tlj(^ ^\ol’(l 
, as tkal word is used jii oi’i^anir* 
(dreiiiistiy, is a eoinj h'x om‘. In th(‘ words I 
liav(i (piotcd, |jie)»ii^ likrnunl suhstit ulioii to tlie 
foundation wliereoii llu‘ e(ljlic(i of oiy.inic cliem 
istry was to h(i huill 11 is (‘sscnt taJly a Iniilder’s 
imai^c ; W(; sliall Irest understand it ly tliirdx- 
iim of soni(‘- srnies of oriranic. comnounds as 

J 

buildings. ' 


Ouriinr one oi tlie royal at the Tuileries, 

Avhen Charles X. was Kitpe, of Frama*, tlie Avax 
randies usi'd to ]i;:ht tin'rooms’Liav(* oil* irritat- 
iiii^ va))ours which annoyial the. visitors. Dumas 
was summoiual and i(‘<juest(‘d to iiiM the reason, 
and the caire, for tin; trouble, ilow' liad the Avar 
be(‘n made so Avhit(‘asked Dumas. Hy Irleaeh- 
iim it, AVhat Avas the Irh'aehiim airent(dilorine. 
A\ ax, Dumas knew to boa mixture of comjxmnds 
of carbon, hydrogen, and oxygen , hydrogmi com¬ 
bines easily Avilh ehlorine to form tlie extiaanoly 
iiT’itating gas, hydrocliloric aeid. lleni Avas a 
po.s.sible cause of the fumes Avlricli came, from the 
candles. Jf sonui of the chlorine tised for l>lea< 4 Jt- 
irig the Avax Avero retained in the Avax, then the 
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heiil ]»y iho luirnioi^ c.uidh'^ well 

c.'iusf! elicniienl dinners to j)]‘()cc(‘(l and hydro- 
eldorir acid <:a,s to Ikj L:i\eii oil’. |)uin:is found 

I ' I 

tliat tli(‘ wliicli anm)\a‘d tl)(‘ L^iie.^ts at the 

I I 

'ruilerii's conlaiiK'd iivdiochUric acid; ;nid he 

f . 

found that, tins was j)iodu<‘(‘d h\ changes in coni- 
])ounds of cai hoii, li\ dif»u(‘n, and cliloi-inc forni(‘d 
in tne Asax dm ini?f t lu‘ hlc.iclnipj: of it l>v cliloi ine. 
'riie cause and the curt* v\(’rc tound. The ^^a,,v 
nui.st no lo.iircr lx* ]>h*achcd l>v chlorin(‘, l)ecause 
it chlorine is used sonic of it will a 1\\a\'s (‘liter 

I 

into elunnica] union with compound-, in tlie mmx, 
and \\h(‘n a candle made vl fhis \\a\ i^^ lighted 
other ciieniical reactions, wherein hydrochloih', 
acid iras is ])r’oiluc(‘d, will occur*. 

IJut Dumas was not content- to slop lieiae Ife 
inv(\st iL!;at(‘d tin* I’eactions tliat lake placi* when 
cliloiim' is ])ass(‘d o\(‘i' wax; and tioni that lie 
pas^(‘d to t he e.xaniinat ion (d interact ions 1 x‘t w een 
<‘hl')rim.i and various oiLianic compounds Ife 
^ound that in many ot th(*s(* r(*a(‘tions hydi'oe(‘i) 
was rmnoved from tin* compomid used, and 
chlorine enterc'd into union with tin* elennmts 
which remaiiK.Ml, ])roducim; in this way a, m‘W 
(•(jinprjund v/hose i;(‘n(n’al chemical reactions were 
V(;ry ofte-n e\ti*(miely likui thos(* ot the oi’i^inal 
c(jm}>ound. d'ake, tor e\ampl(‘, some of the 
results of Dumas’ iri\(‘stieation of tlie r(‘actions 

t 

between (diloi'ini^ and nrt/fr (t< nl (tin' acid of vine¬ 
gar), an acid coniposc'd (jf carbon, liydioi;en, and 
oxygen. Dumas found that tlu' react ions pro¬ 
ceeded in thi'ee stages, and that tlie pi'oduc^s of 
each stage were a mwv acid, resembling acetic 
acid in its general (‘heniical bidiaviour, and 
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hydrochloric acid gas. Ilo found that each of 
the new acids was (•oni])()sed of all the ('arl)On, all 
the oxygen, and a portion of the liydrogcni, of 
the acetic acid, combined Avith a definite Avtnght 
of chlorine. Andv he found that the relations 


between the Aveights of the liAalrogen n the 


parent acid, lh(‘ hydi’ogmi rcinoAcd 
acid in each stag(‘ of tlu‘ iy.^a(*tion, 


flora that 
and ' the 


chlorine ^^dneh entc'red 'into 


com hi nation Avil h 


the carbon, oxyg<*n, and hydrogmi thin remained, 
could be most sinij>ly (wpressed b}" saying that, 
in each stage on(‘. fourth of the total hydrogen in 


the ac(dac aidd was tahen away, and elilorinc Acas 

4 / * 


put in place of il, in the proportion of 3 ^) ^) parts 
by weight of chlorine for one tiart hy weight tvf 
hydrogen removed. 

Dumas’ results may be [)icluied crudely in the 
following diagrams. 


(J) (-') (3) (!■) 



These diagrams rej)i‘esent tlie compositions of 
acetic- acid and the three am’ds obtained by the 
reactions of chloi ine Avith it ; in each, the symbol 

is meant to r(‘pi'cscnt the sum of the Aveights 

of carbon and oxygen in the reaiiting Aveight of 
one of the acids; this symbol is unchanged 
throughout. The. small scpiares represent com¬ 
bining weights of hydrogen, and the small circlctt 
stand for combining Avcights of chlorine, a combin- 
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iiij^ Aveight of cliloriuc l)(*ing .‘lo-r) tinic's he;ivier 
(lian <t f()ml)ining Avc^iglit of hydrogon. 

The! (ionipositions of tlie four acids ai c repre¬ 
sented in oj'dinary cluMnical foi mula* as follows: - 

(J ,11 .ac('tic. a(‘,id. 

(1) CM!.no, / (2) anxTo.,; ( 3 ) (',iin.A> 

\ / > -U ^ 4 ■t-i ^ 

(1), (2), and (3) ai‘(‘ tlic tu‘W acids j)roduc(‘d fi’oni 
the [larent acetic acid. 

In thes(! riiacTioiis Diuiais ^aid lie had siihs/i- 
tnted chloi’iiie for hydi’ogeii Aviflinut (h'stmying tlie 
general ch(!nn<*al cliaract(‘iv of llic acetic acid. 
The three iicov acids wi^e proxed liy liiin to 
he V(U*v lilv<! acetic acid in tlieir chemical he- 

I. 

haviours ; he calhal them nnftin<hloiacdir^ didilor- 
nrrfH'y a-nd frirhlonirrifr nrnl^ rt‘s])(‘ctive] 3 ^ 33iese 
four coin])ounds, said Oiiin: s, hclong to the same 
typo or cla^s. The rmiioval of a (h'Hnite wm'ght 
of hydrogaai, and the simnltaiu'ous suhstitution 
for it of a deiiiiite wijight of chloniie, has not htu!n 
accompanie<l by a falling to pieces of the whole 
building. This jirocess of substitution is like 
that of r(‘ni(»ving tAV(^ or three! wooden beams, or 
it may be a number of stoiu's, from a house, and 
l eplacing them by a single Ixiam of iron ; the 
house docs not fall to ])i(‘i'i!s if the opeiation is 
done with eaie. IJut as there are limits beyond 
which the substitution of one kind of matei*ial 
for another cannot bo carried in a building 
without imminent risk of collapse, so chemical 
substitution cannot be rotieated imhifinitely. ^In 
the case wo arc considering there seems room for 
one other repetition of the lu’ocess. The last of 
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; 


the three, acids still contains liydroi^cn (sec the 
dia<;ra,ins, p. or the foi’iniihe, ; c.’Uinot 

this, too, he tjiken away and a coinpensiitin^ 
weight of chlorine he put in its phna* ? Kxpiwi- 
nients slnnv tliat tf tli(‘ I'caction witli clilorine. js 
puslnal further than tlie tliiid sta^'e, h)-' aising 
th(* tem[)eiature, new compounds are pioduciid 
which are totally indike acetic acid ; that, in 
other woi’ds, tlua-e is a''general hreaking U]) of 
the whole building. 

In a j)roc('ss oi suhstitution, an (‘haiient, oi* a 
group ot elcnunits, is takiui out of a, coinpouiid, 
a part of a clnunical* liuilding is removed, and 
another chaneiit, or gi’uup (‘lenients, is put 
itito the vacant phice, anothei* kind of liuilding 
material is put- into tlie building in the place* of 
that which was removed. ^J'h<‘ new compound is 


not tlie same as the original com]M)nnd, tin* new 
building dillers somewhat from tin* old building ; 
but both compounds are much alike, i)oth b.uihl- 
ings are of tln^ same*, class or tyiie. As tlm 
removal of some wooden sup loi't^, with perhaps 
a couple of cartloads of br*icks and I'ubblo, from 
above the windows of a shoj), and tin! substitution 
of a single iron beam in the place of the materiab 
removed, and a single large window for the 


several smaller windows taken away, ini[)i'oves 
the sho[>, but do(*.s not change it into something 
which is not a. shop, so the j)rocess of substituting 
one element for another, or one gronj) of elements 
for another, does not neccssaidy destroy the 
general chemi(*al eliaracter of the pound that 
utuhirgocs the [ii'oeess, for the compound pn^- 
d'uced by the substituting process may belong to 
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tlui same typo as th(^ original rompound. Tint if 
too large a, hole is rna(l(‘, i]i the su|)])orting ^\all of 
the s]i(»[, th:il is undergoing I'l'stoi’alion, or if th(5 
(‘radieatioji of tlu^ rulihle is eari'iefl too far, the 
whole edihce may fall iihoiif* the ears of the 
waa’kir^n. So, too. jiroca^sses of chemical substi¬ 
tution may <*hange into p]’()('(‘ss(\s of complete 
ilisiiftegratioii , ih^! oi‘iginal compound may be 
bioken up, and com])(tuiids may Ik‘ produced 
w'hicli ditl'cr iMdi(‘ally tiom it. And, finally, 
when the hole has Ikmui made in ihe ^\'all of the 


shop, and tin* bricks have Ixam eleari'd out, and 
the ])lac(‘ has bemi prepaniAl for tin; new beam, 
a strong and rigid lu‘ani must- be put in, else the 
weight ])]*essing on it will crush the nt‘W' snpjiort, 
and th(‘, piirpoM' of th(‘- substitution Avill Ikj 
defeat(‘d. SimdaiTy, not- any (‘hniKnit, ami not 
any gi-ou[> of elements, in a com])ound can be 


substituted by any otlnn* ehmient or gi'oup ; that 
wdii(‘Ji is substituted must Ix^ chmuically like that 
whose plac(‘ it o(“cupi(‘s, (‘lsi‘ llie \\'hol(5 edifice 
will top])le ovd. 

Ijet us consider somii cases of substitution. 


w'ith the ob],a‘t of attaining a (dear<!r understand¬ 
ing of this coiict‘])tion w liic-h was declared by 
Liebig to be the foundation of organic chemistry. 
Tf a mixture of ahxdiol and oil of vitriol is heated 


in a Hask connected with a condensing appa-ratus, 
and alcohol is allowed to trickle vcu'v slowdy into 
the hot mixture, ether, Avhi<*h is a li(|uid wdtii a 
pleasant odour, distils over. If i‘ther is digested 
with watcir alcohol is ropi’odiiced. If aleohoj is 
h iatcd lor some time with acetici acid (the acid of 
^inegar) a liquid with a markedly ethereal odour 
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is And, linally, it is jDOssible by 

various reactions to pass froin alcohol to several 
other liquid conn)oun(ls all of which have more 
or less ethereal oilours. Liquids which smell 
alike arc not neviOssarily (dicniically alike; but 
similarity of odour nid// with .similarity of 
other jirojjci'ties and of composition. The various 
deasantly smelliiig liquids obtained by reae^ion.s 
jetweeu alcohol and ditlVrclit compounds are 
purified, by di.stillin;^; each until it Imds at a con¬ 
stant tempeT'atnre, and arc then analysed quanti- 
tativcly, and the results are ex})ressed by indi- 
eating the Tunnber of, combining weights of each 
element that ar(5 united in (‘.ach compound. 

It may be well to indicate by a-n example the 
method whereby the ]*(;sulls of tlic analysis of a 
comj)oiind are exj^rcissed in terms of the numbers 
of combining w^cights of the different elements in 
the com 2 )OiiMd. Lake alcohol: analyse^ shew" that 
the jierceiitago conq)o.sition of this compound is 


(^arbon 


Oxygen 

34-8 

Hydrogen 

i:5-o 


100 0 


The combining weights of carbon, oxygen, and 
hydrogen are 12, 16, and 1 resj)ectivcly. Alcohol 
is composed of a certain, whole, number of com¬ 
bining weights of each of these elements; how 
many combining weights of each must there Ije 
that the following equation may be satisfied ? 
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% 

(12 X m) : (16 X m): (1 x j>)^ 52*2 : 34*8 : 13. 
n -- number of com))iuiiig weights of carboii; 

„ oxygen; 

p- „ „ „ hydrogen. 

Thti iirst thing to l)e done is divide the num¬ 
ber expressing the woiglit of each elemcuit in 100 
parts by Aveiglit of the coinpound by the com- 
biniflg weight of the clement. Tlie results of 
doing this arc :— 


52*2 

12 


--4*35 combining weights of carbon ; 







oxygen; 
hydrogen. 


These results must now be expressed in whole 
numbers. Dividing the smallest number, 2*17 
(the number belonging to oxygen), into each of 
the others, wo have 


4*35 
2 17 





6 (almost exactly). 


That is, whatever be the number of combining 
weights of oxygen, there ai*e twice as many com¬ 
bining weights of carbon, and six times as many 
combining weights of hydrogen. In other words, 
the elements arc coniliincd in the ratio of one 
combining weight of oxygen to two combining 
weights of carbon, to six combining weights of 
hydrogen; and the simplest formula which ex¬ 
presses the composition of the compound • is 

H,, 
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Tlio results of the RUiilyses of the other ])loa’ 
santly smelling liejuid compounds ol)taiii(‘d from 
alcohol aie treated in tin's May; tlie following 
formuhe ex])ress some. (.>f tlie ri'sults : 
alcohol; ()(\l ether ; by heating 

alcohol Mith acetic acid; by heating 

alcohol with nitric acid; ('1(\1I. by heating 
alcohol M’ith hydrocldoric. acijl : If Mir, by h(‘at- 
iiig alcohol Mith hydrioda; acia. 

T\w, i-<‘aetions of formation, iind many other 
reactions, of tlu'st' compounds establish clos(‘ 
similaiiti(*s het\veen the elnanical prop(‘rties of 
tlie com])ounds ; tli(‘ir compositions are, there¬ 
fore, probably similar also. I Jut. th(i forrnulce 
given abov(‘ do not suggest, definite resemblances 
of (jomposition. Let us emph>y the conee[>tion 
of substitution. It is no good making fanciful 
guoss(‘s about the substitution of this elennmt 
for that, or the substitution of one group of 
elements foi- sonn* otlnn- gioiip; tin; c.oneej)tion 
is useful oidy when the chemical reactions of 
a scries of compounds have l>ten thoroughly 
examined and classified. In the present eases 
wc must assume tin; main results of such an 


examination. 

The reactions of alcohol shew great resem- 
Idances to those of potash and soda, iS'ow 
potash and soda aie (a)nn)ounds of hydrogen, 
oxygon, and potassium, and liydi’ogen, oxygen, 
and sodium, respectively ; thescj (*ompounds are, 
therefore, called hydroxide of [)otassium and 
hydroxide of sodium. J^otash and soda react 
with acids to form salts ; for instances, potash ai^d 
hydrochloric acid produce potassium chloride, 



STUDY OF SOMK COMPOUNDS OF CARBON. 129 


and Roda and nitric acid produce sodium nitrate. 
Airaiii, there is an oxide of potassium whicli 
rca(‘As witli water to form the liydroxide (])otasli), 
and thcn’c is an oxide of sodium wliich reacts 


with v/ater to form the hydrovde (soda). Since 
aicoliol is like ])otash anil Mxla, in its (‘hcniica-1 
reactioiis, it is j>i'ol);ihly a (•om[)oinid of liydroi^en 
and oxyg(‘n with sonui eleuKait, or eleimmts, 
cliemically like porassiufn (jr sodium ; it is j)ro))- 
ably a liydioxidtx j\n(l if alcohol is a hydroxide, 
it will likt'ly I'cact with acids to form salts; 
moreover a-ii oxide may exist rclateil to alcohol 


in a Avay like that Avhci ein n.\i(h; of ])Otassium is 
related to hydioxide of potassium, and oxide of 


sodium is relate(l to Inaljovide of sodium. The 

•' 

foi muhe which exjiress the coiiipositiuiis of ])ota.sh 
and soda, res[)e(;ti\(dy, arci K(M1 and NaOIl. 
[f alcohol is a liydroxide, analogous in conn 
[losition t'^ these conpiounds, the formula for 
ahaihol, OCoH^, must he ex[>rcssed so as to 
indi cate the eouipositioii of a. liydioxide ; this 
may be done !«/ Avritiiig tin; formula ((loHr,)01I. 
Look at the two formida‘, JxOH and (GoHr,)OH ; 
the bracket enclosing tlie symbols G.^IL, in the 
second foi’mula is iiK'ant; to imjily tliat tAvo com¬ 
bining AVeights of carbon and live comliiniug 
weights of liydi*og<*u arc held fii'mly together. 
The two formulai are comparable ; one is the 
ex[)ression, in a certain language, Avhicli may be 
called the language of thci law of combining 
weights, of the composition of a liydroxide of a 
metal (potassium); the other is the expression, in 
the same language, of the composition of a hy3r- 
oxide of a group of cleni(‘nts itself composed of 


I 
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two combining weights of curbon and five com¬ 
bining Aveights of hydrogen. When potassium 
hydroxide reacts Avith acetic acid the salt 
potassium acetate is ])ro(luced ; if the reaction 
of alcohol Avith acetic acid is chemically like the 
reaction of]X)tassium hydroxide, Ave should (\xpoCc 
a salt to be jnTxluceal differing from potassium 
acetate in hasing the gi oup Coll , in ])lacc of^the 
metal i)()tassium. Here lare the formuhe Avhicli 
ex[)ress tlui comi)ositions of tin' tAvo products;— 


Potassium acehtff^ Acetate producPfi from alcohol 
KCoHoO. (Coll,)(Joil,(-)o. 

I • 

The composition of the compound obtained 
l)y heating alcohol and ace.tic acid Avas already 
expressed Iw tin; foi inula C^CJI^ (see p. 12t>); 
the com])osition of the same c(jmpoiind is noAv 
expressed as ((A,Hr,)(’.jl 1 {O., But ihc second of 
these formnlcT is mcr(‘]y wliat may bj called a 
dissection of the first, adojited to bring out the 
similarity between the reactions of this compound 
and those of potassium a(‘etate. 

Sodium nitrate is ])roduced by the reaction 
lietAVcum sodium liydioxide (soda) and nitric 
acid ; the formub*e AAdiich express the coniposi 
tion of this salt, and tliat of the product of 
reacting on nitric acid with alcohol, are 

Sodi?ii)i> nitrate Nitrate prod need from alcohol 

NaNO,. (C,H,)NO,. 


The compositions of sodium chloride and potas¬ 
sium iodide, ou the one hand, and the com¬ 
positions of the products of the interaction be¬ 
tween hydrochloric, and hydriodic, acid and 
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alcohol, on the other hand, arc expressed by 
the formula?; 

Sorlunn Potitssinm i^hhn idp ftow Iodid(^ 

chloridi’ liKlIilf (di'.dio! alcohol 

NaCl Kf. (CzUft)!. 

Fiirdly, the compositions of sodium (or potas¬ 
sium) oxide, and ether, an' ex})r(‘SS(id thus; 

*'>odfit/N o.calt J*nf(fS\i?f/// ot'idr Kthcy 

Gathering together the formula? which ex{)rcss 
the compositions of various compounds derived 
from alcohol, wlien the relations Ijotwocii these 
compounds and alcohol arc looked on as similar 
to the relations l)otween potash and various 
compounds obtained thei’cfi’om, and phu/ing these 
formula? side? by side with those of t-lio corre¬ 
sponding potash compounds, we have the follow¬ 
ing results. 

(CjH 5 )OTI Alcotud. KOIL lioimh. 

(CullfihO Ethec. K>jO polassifnn o.ndc. 

(CaHijCl Klhyl chloride. Iv(’l jxifasmurn, chloride. 

tU 2 H-))l KthjU iodidf’. K[ iodide. 

(C 2 nr>)NOfl Ethyl hit rate. KNOg yotos, itnu nitrate. 

((^*21^6) C'iKgOj Ethyl acetate. 'at'sIniiL Oietate, 

Not only are the two compounds in any one of 
^hese lines similai' in chemical proj)eities, they 
are also represented as having similar com¬ 
positions, And the similarities of composition 
arc brought out l)y su})posing that the (piantity 
by weight of a group of two (dements exjiressed 
by the formula Ctjilg can be substituted for one 
combining weight of the element potassium. 
The group Colf^ is called Efhjj!; it is composed 
two combining weights of carbon in chemical 
union with five combining weights of hydrogen. 
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This grou]) cun take tlio place of one combining 
weight of potassium in vjiiious compounds with¬ 
out altering the g(*neral chemical characters of 
these compounds. The compounds of potassium 
formulated above a:c, very unlike the con-espond- 
ing ci/hyl compounds in their j)hy.sical properties ; 
for inslaiice, the ])otassium conij)ouiids are all 
whit(;, odourhiss, solids, while the (;tliyl com¬ 
pounds a,re all colourless, sweet-sm(‘lling, li<|uids. 
i3ut corresponding compounds in the two seric's 
shew siK^h distinct, clumiical similarities that 
they must lx* regarded as Ix^loiiging to the same 
ch(*mii'al tyjxi. 

The cunsid(*raUons glamxxl at in the foregoing 
paragraphs lead to tlu' ri*cognition of the possi¬ 
bility of a gioup of elements taking tlui place of 
a single element without destroying the g(‘iieral 
chemical character of the compound wherein this 
substit ution occurs. This ri‘(*()gnition'has been 
gained by ap[)lying the principle of substitution ; 
it is indeed a part of the conception of substitu¬ 
tion, nevertheless it is a most impt>rtant advance 
from the earlicji' notion of substitution being 
clfected by jxitting one element in the pla<*e of 
another element. Tiic mime nmpouml rtuJirlf. is 
given to a gi'oup of elements which can be, 
theoretically, movixl from compound to com¬ 
pound without th(^ breaking u}) of the group. 
A moment’s consideration will show, I think, 
that the word iheoreficalljf^ or some ecpiivalent 
term, must be introduced into the description of 
the* compound radicle. Compare the compounds 
of the element potassium with those of the com¬ 
pound radicle ethyl (0^11^). The compounds of 
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X)tassium cuii ho lu oken up and potassium can 
)C isolated from every one of them ; farther, 
v'arif)ns element,s can 1>(‘ addecl on to potas,sinni, 
and the diU’eront co)n])ouii(!s of that <*lenienl can 
thus he })rodneed. Ihit th('^ ef)m])ounds of ethyl 
eanno^ he hroken ii[> in su(*h a A\'ay tliat iIk) com¬ 
pound I'adiele eth} 1 may h(‘ isolated ; this i^rou]! 

<.)f ehnmmts has no cKislamee hv' itsi'lf ; nor can 

■ 

coni])ound.s of (*thyl he prodmaal hy actually join¬ 
ing!; various elements on to (itliyl, lor (‘thyl can¬ 
not, so to sp(*ak, he InOd in llii' hand. The 


compound radicle (illiyl is a t 1h*o](M ieaI con¬ 
ception inti’odmaal foe tlie ]mi*]>os(‘ of cnahling 
cluimists to i(*])]‘(‘S('’'t simiKiriln\s ol projicrties 
as acc()m|)anied hy similaiatic's of (‘omposiiion. 
Ciranl. the hy|)otlu'sis, and order is p,d{)a))ly 
inti’oJnced, wli(*re, widioiit tlie liyjiothesis, order 
cannot he c‘X])i*ess(‘d. d’he facts sh<*\v' th:it. <»rder 
is tlien* ; •i)ut A\e re(juii(‘ a lani^iiaye ^\he^’ein tlie 


orderly facts may he e\pii‘ssed, and aft(ir many 
trials we have hit uj)on the language that uses 
the concej)tioi? of tin* com])ound radicle, aiid tlie 
conce])tion of tiu*. [lossihility of suhstitutiiiL; coni- 
pouml radicles, not only for oth(*r <*om}>ound 
radicles, hut also for sim;le ehmients. 


When we come to speak of the theory that 
gives a mechanical conce|)tion of the mechanism 
of chemical rcaction.s, we shall find that the 


notion of the com})ound i*adicle bt*c()mes clearer 


and more precise. 

Organic ch(‘mistry is huilt on the foundation of 
the conce[)tion of sul)stitution, and that fougda- 
tlon is strengthened hy woikiiig in witli it the 
subsidiary conception of the com[)ound radicle. 
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It is not only in the domain of chemical science 
that great advances have heen made by cmploy- 
intc the notions of substitution and the com- 
])ound radicle. Large and nourishing chemical 
industries ai’e based on the pi actical aj)plications 
of these conceptions; aniong these industries 
there is perha[)s none so im])oi*tant as the mariin 
factnre of aniline colours. Because of the nUme 
“coal-tar colours,” by wh^ich these dyc-stufts are 
often known, there seems to be a fairly wide¬ 
spread belief that the aniline colours are hidden 
in coal-tar, and that they arci got out of that 
ugly black stulT by. ])rocessi*s of purification. 
But this is quite a mistake. A colourless liquid 
called b(‘nzene is obtained by distilling coal-tar ; 
when benzene is treaUid with concentrated atpui 
fnrtis (nitric acid), mix(‘d with some oil of vitriol, 
an oily liquid, smelling like oil of almonds, is 
formed; and Avhen this 'tiUnhbcnrjnu\ is Avarmed 
Avith iron filings and acetic acid, aniline distils 
over. Aniline is a colourless liijuid ; its com¬ 


position is expressed by the formula (( V, lIr,)NIl,. 
The compound radicle is called pliPht/l. 

A very large number of compounds, many 
of Avhich arc d^^es, is prepared i)y substi¬ 
tuting some of the hydrogen in the phenyl 
radicle of aniline by other compound radicles ; 
compounds with dyeing properties are also pro¬ 
duced by substituting A^•^rious compound radicles 
for one or two of the combining Aveights of 
hydrogen represented in the formula of aniline 
as vot forming part of the phenyl radicle. Then 
some of the derivatives of aniline obtained 
the substitution of compound radicles for hydro- 
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gcTi rc'iict and produce more complex compound's, 
from which again definite numbers of combining 
weights of hydi'ogen, or of other elements, are 
removed, and their ])lace is t.iken l)y definite 
ouantities of more Iciss coiiipli(*ated compound 
iadich;s. And so the j)r(iparatinu of new com¬ 
pounds proccunls, one may say in eveiy case by 
processes that are essentiaHy sul)stitiitions; the 
relations of the compcruiids to one another are 
often extremely complex, but the; )rinciple of 
substitution -alwjjys renicmbcM'iiig tliab a group 
of elements imiy la; t>ut in the plara* of a single 
clement without ehangii]!//he essential ehernieal 
character of the eom|)omid— is a guide through 
all the complicatiMl wanderings. 

Of course, as (In; numlxu* of what may lie 


called sul)stit.uted jiniliiu's increases, various suh- 


sidiaiy hy])oth(‘ses arc ustd as lielps in deter¬ 
mining tl/o relations of tliesi; comiiounds to one 
anutlu*!’; hut tin; guiding p] inci])le is substitu¬ 
tion ; not haphazard attem))ts to imt this or that 
group in placf; of some othm* group, liiit regu¬ 
lated, orderly, substitutions based on tlie results 
of accurate <(uantitative experiments, wherein 
properties ai'o constantly eoiinectod with com¬ 
position. The j;)erformance of various processes 
of substitution, and the comparisons of the dye¬ 
ing properties of the products with those of the 
parent substances, lead to suggestions that if 
the substituting radich; is altered, or ])erhaj)s if 
substitution by the same radicle is not carried 
quite so far, or, it may l)e, is carried a little 
1-rther, the products so obtained will pro]>ably 
dye a richer tint than any of those dyes that 
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have been tried ali’oady ; juul the experiment is 
made, and the special tint wln’cJi the new com¬ 
pound dyes forms tlie basis of othei’ experi¬ 
ments. 


Tt is evident t}i;\t processes of tliis kind cannot 
bo conducted (wcept )>y those \n1io liave ynade a 
minute, experinumtid, critical study of a very 
lar^e field of chemical iiKjuiry. I'nl(‘ss a mhn is 
thoi'oughly at liome in the carrying out of com- 
])licated processes of substitution among the 
derivatives of aniline—and hiindr(‘ds of these 


derivatives are known to-day—it would be 
absurd for liim to ;i»tt(mipt the pre))aration of 
a new coloui’ing matter by first comparing the 
dyeing propcrt.ics and tin*, compositions of the 
known compounds, then jnvdictnig, tlu‘oretically, 
the compositii'ii ot the (‘()m])ou]id witli the special 
coloiii' he wants, and then st'tting about the ])rai* 
tical fullilnu*nt of liis pr(*(liction. d\)’s(*,t a man 
to such a task A\ithout making surci that his 

tj 

training fit ted liini for it A\ould lie like setting 

O 

one who had dal)l)led a little wivh bricks and 


mortar to raise tlie roof of a large building, to 
.substitute for the present upper row’*’of windows 
in the side wall a smaller nuinbei* of much 


larger windows, to rai.-^e tlui wall soimi feet, and 
then to set the roof on again. Any one who 
asked a man not very es[)ecially skilled in 
such woik to undertake the change I have 
indicated in the building would bt^ called a 
fool. And yet hundreds of attempts have 
bee;i made to carry out the more difficult tasks 
of the chemical Imilder by men who profegft 
that a little practice is worth a pound of theory 
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1'licro was a time wIkhi most of tin; trade in 
aniline coloui’s, and the dye stulls related to 
tlicm, was in the liands of English mannfaci- 
tiirers ; tlie trade 1i;ls now heroine a (Jerman 
industiy, simply heeause thejh'i’inan nniniifae- 
turer has either In'en a ti'ained elnmiist or he 

r k 

has had the s(‘ns(' to nndt'rstand that the prob¬ 
lems at th(i i'o<)t of lh(* indii.strv are t-oo com- 

« 

|)lica-ted to 1)(‘, atraelvcA hy aiiyom* who is not 
a traiiu'd, and a fnily seicmtitir, clHanist. 'J'o 
altem])t to i;ain, (‘ven in outline, any ^^rasp of 
(he ])rineiples on which the aniline industry 
rc'sts, iiKians to make a. tl;oiou^;li and accurate 
stii<ly, in th(‘ laboratory and in (he lecture-room, 
first of clumiistiy as a whole, then of oritanicj 
clumiistry as an esjiecial branch of tin' science, 
and then ofaiulim* an<l it^ deriva.li\a.‘s and allied 
com])ounds as a ])ecu]iar dv‘])artmenl/ of organic 
chemistiy? Eoi* tln‘ aniline imlusti‘y is truly a 
<;hemi(\‘i1 industiy, and (he note of all (chemistry 
change. The ruh's that hold i^ood today 
will not sulli^i; lo meet lln^ demands of the 
trade; to-morrow. Eashion in colours chan< 4 es ; 
and tin; maAulactui’m* ^\llo can supply only liis 
few stock colours soon falls out of the runniim*. 

ddnna; is another d(; 2 )artment of ap])lied 
eh(;mistry in which the reticulated use of the 
pi'incijde of substitution has led to astonish¬ 
ing results, and that is the making of new 
drugs with s])ecili(; pro|)(a*ties. Take*, for in¬ 
stance;, some of the moi’e recently introduced 
febi’ifuges. Tin; study of the reactions^ of 
<yaimne, and of the reactions of compounds 
obtained from quinine under definite condi- 
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tions, has led to the establishment of certain 
connexions between the presence of definite 
compound radicles, relat(;d to one another in 
definite ways, and the cxistencic of fever-abating 
properties. Alt1i.ongh these studies have iiot 
yet enabled the chemist to build uj) /[uinine 
Itself, they have enablcid liiin to put together 
chemical structui’es, by arranging (hdinite ’ com¬ 
pound radicles in deiihite ^ways, which have 
marked effects on the bodily temperature of 
human beings. ^ Iiifijufnnc is oiie of these com¬ 
pounds, and phciiiKrfni is another. It is im¬ 
possible in such a book as this to attempt to 
describes the constitutions of these compounds ; 
for the descriptions must be recorded in language 
that is meaningless to anyone other than a 

trained chemist. Sullicci it to sa^" that both 

■ 

compounds are constructed by building u}) cer¬ 
tain compound radi(d(is on the basis ol' nitrogen, 
and that the radicles are arranged in a perfe.c 
definite manner relatively to one another. Why 
the building processes should b(5 conducted in 
this or that ])articular direction ; why this 
building stone—that is, this comjA.)und radicle 
—should be used rather than that ; reasons fo» 
these things have been found in the study of 
the reactions whcndiy bodies with properties 
like those it is desired to impart to the new 
compounds have been biaiken down into their 
constituent compound radicles. Buildings with 
properties of the desired kind have been taken 
to jpieces : the nature, that is, the compositions 
and the properties, of the pieces have bedn 
examined; the positions of the pieces in the 
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oriyiiul buildings have been noted ; and then 
similar buildings ha.ve been constructed ; and 
in many cases the new buildings have possessed 
the wished-for ])roperties. 

Xow it has been said thi^t those coinplex 
chemical building stones which are called 
compound radich's cannot be isolated (nder 
l)ack to }). 133); and yet 1 have sjmkeai of dis¬ 
secting a eomi)ouml ifilt) the compound radicles 
that comjKjse it. Both slatemients ai (miccurate. 


Only in the pi'ocesses of disse< lion the radicles 
are not obtained wholly a])ai‘t from combinatioii 
with other things ; compou;>ids of the compound 
radicles arc obtained, and the existence of the 


radicles in these conn)ounds 


is inferred from 


the reactions of the 
termination of the c 


compounds. It is this do¬ 
om] )ound I'adiclcs to remain 


hidden that mak(;s the conduct of definite 


building operations with tliescj radicles so difficult. 
Tb(5 chemist who is endi'avoiiring to construct 
sjLch a complicated structuie as antipyrine need 
have a clear ftnd jxmetmtijig imagination ; he 
has constantly to sec the inner structure of the 
buildings he *is trying to co])y, and yet he cannot 
isolate those building stoni\s which it is essential 
for him to work with. He has, as it were, to 
lift his building stones with a stick, which has 


the peculiar pro])erty that the moment a stone is 
poised on it the stone and the stick become one. 


neither the stick nor the stone has any longer an 
indei^endent existence. And when he ])uts the 
stone into its place, feeling about as best ^he 
can, the stone vanishes into the ])uilding; he 
only knows that the stone is there by constantly 
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testing the whole hiiilding, perhaps a knock with 
his mallet mves a different sound from what he 
heard he foie the last stone was ridded to the 
building. .And then, when he looks for the stick 
that ho may lif^ anothei’ stone into its place, 
very often the stick has vaTiislied too, .pul tfic. 
chemist must set about makins:!; a new one. 

The chemical building track', at least in its 
morci refined branedu's, i^ cucm more dillicult than 
the illustration 1 have used would lead one to 
expcict. ddui chemist is all the; time' working 
Avith hypothc'lieal building materials. The ele¬ 
ments arc definite kinds of matter that can be 


toiudu'd and handh'd, ;ind put togcither, and 
separated; but coinparali\t'ly littlci is done l^y 
working with the cdc'rnents in the i'leclion of 
the ccmiplicated buildings (»f oi’ganic chemistry. 
There, gi’oups of (*l(‘ment>.s an*, the units of the 
<Hlifu*c*s ; and oji scarcc'ly oiui of thi'M* building 
units is the (dumiisl. able confidently and definitdy 
to lay his hands, lie can only conjecture that 
they are in the buildings, bc'c.aUoc^ l)y no other 
hy})othesis has he*, been able to fucture to himself 
the existence of an orderlv arianevment of the 
parts of these buildings ; but the orderly jiro 
)erties of the buildings force him to postulate 
‘or th(*m an ordc'rly e,om|)ositi()n also. 

The* chemist has to guide his operations by the 
light of an hy])othesis ; mere facts are cjuite 
insufficient for him. And he has to state that 


hyi)othesis in an exceedingly symbolic language, 
a language Avhich makes constant use of such ab¬ 
stract conceptions as subslilnfioih and amipoufid 
' radicle. It is true that* the language gains in 
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cleariioss and accuracy as it developes ; ])Ut it 
gains in tlu'sc fjualiti(‘s by founding itself on 
another hypothesis, that, namely, of the atom and 
tlic molecule. It is the laboratory wliicli saves 
clieniistry from artihciality. Ij:/ is the constant 
(‘ontact \rith acids, and alkalis, and salts, and evil 
smelling and swet'lly odorous (h'tinite substances ; 
it is tlie constant ]iandli?ig of distilling a])[)a- 
rat uses, and tiasks, and bea,kers, a,nd nu'asuring 
\oss(‘,ls, a.nd balances ; it is this l)h*ss(‘d walking 
on th(} solid earth that gi\es an int(‘nse reality to 
the science which is concerned with abstract cajii- 
ct‘ptions of coni[)osition and ;»rop(‘rties, and which 
is obliged to cIotiM'. its ttonceptions in the iiiiagtny 
of a syml)o1ie language. 


CHAlTKb’ \’lir. 

THE ATOM AND I’HE MOLECl'LE. 

d’liE especial probhun of clieniistry is to trace 
dclinite coniicAioiis between the compositions 
and tlio properties of compounds. The composi- 
yons of compounds aie stated in terms of the 
elements which unite to form these coin])ounds, 
and which can bo obtained by disintegiating the 
compounds; and tlie quantities of the elements 
which are united in the compounds arc e\|)resscd 
as numbers of combining weights of the ele¬ 
ments. A\^e found in the last cha[)ter that cer¬ 
tain connexions between some of the chemical 
l)roperties of many compounds can be suggested 
by the formulm which express the compositions 
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of these compounds, only on the assumption that 
certain groups of elcnnonts hchave like single 
elements, and th;it such groups, or compound 
radicles as they are called, can be substituted for 
one another, or, for single elements, without 
destroying the general chemical type to which 
tlie compounds belong. Tin's n'sult might be 
stated in general t(‘rms by saying thatr the 
primary notion of composition, as expressed in 
f|uantities of individual elements, must be modi¬ 
fied to include the notion of the compound 
radicle, in order that the observed properties of 
compounds, and (‘spuvially of carbon compounds, 
may be rcprc'sential as connecte<l in definite 
ways with the compositions of the same com¬ 
pounds. 

Ijct us now turn back to the first building up 
of a compound (^f pcnailiarly organic origin from 
materials d(;riv(Ml from inorganic sources; let 
us revert to tlui synthesis of urea by Wohler in 
1828 (see p. 119). The substance from which 
urea was immediately jnoduced Ly Wohler was 
a salt called aiinnoinuni cijiniate. There is one 
very peculiar thing about these tAv<> compounds, 
urea and ammonium cyaiiate; both have ahso^^ 
lately the same ehmicutaiy composition. Each 
compound contains 4C)*()6 por end, of nitrogen, 
26*67 pp'r end. of oxygen, 20'0 2 >er end, of carbon, 
and 6 67 per cent, of hydrogen ; the composition 
of each is expiessed by the formula N.pCH^. 
But the properties of the two compounds differ 
in the most marked way ; they belong to wholly 
different classes of compounds. The direction 
wherein some explanation of this phenomenon 
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seems likely to be found is the application to 
it of the conception of the compound radicle. 
Is iimmoniiim cyanate constructed by putting 
together groups of elements dilFerent from those 
which form urea ? Before attempting to find an 
answer to this cpicstion we must have some 
clearer iJOLions than we now possess about the 
putti.^g together of elcnneiits and groups of 
elements; and tli^ only way in which such 
<‘learcr notions can be gained is l)y framing a 
consistent hyj)othcsis rega, nling the mechanism 
of chemical reactions. 


If the expressions that have been used in ])re- 
ceding (diapters about chemical buildings, the 
construction of ch(mii(*a,l edilic(‘s, and the like 
occiUTcnces, are considered (‘arefully, a tacit 
assumption will be found running through them 
to the elloct that each (dement is composed of 
small, but definite, portions of matter, all of 
which have the proj)erti(^s of that element. The 
, illustiations that Inne bi_‘en emplo 3 'ed to throw 
light on processes of chemical construction, as 
W(dl as the language that has b(‘eii used to 
express thesg process(‘s have almost taken for 
granted, altliougli they have not expressly 
stated, that all kinds of homogeneous substances* 
have a grained, and not a jelly-like, structure. 
It is into this subject, the structure of definite 
kinds of matter, that W(^ must now imjuire. 

About the beginning of the century a Quaker 
gentleman, called John Dalton, living in Man¬ 
chester, who had been a schoolmaster but at 
that time supported himself by giving lessons^n 
mathematics and natural philosojjhy, was think- 
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ing a great deal about the prcissurc of gases, the 
expansion of gases by heat, and the solubilities 
of gas(;s in ditferent licpiids lleing a man of 
vivid imagination in all that ]>ortained to tlic 
scientific ({ucslions which interested him most, 
Dalton was in the. habit of seeing, with his mim'i’s 
eye, the ultimate sti*u(‘tui’c of tlui gas'es that 
formed tlui su))ject of his iinjuirics. He says, A 
vessel full of aiiy ])ur(‘. clastir- fluid [that is, any 
gasj pi’cseiits to the imagination a })i<ituro like 
one full of small shot/’ Ihit DaJton was riot con¬ 
tented with picturing to himself what he eou- 
eeived to l)e the structuT’e of the gases ho was 
thinking about; he tried to connect that struc¬ 
ture witli the' pro])(‘T t ics of these gas(\s. Now In^ 
found, from his expciimtmt.s and tliosc <^f otluas, 
that Avater diss()]vesdilVerent volumes (jf different 


gases at the same; tcnipcT*atain 
thought of the ])articles of the 


*, and pressure ; he 
various gases, like 


particles of small shot, being ])us]i(‘d between the 
partic.h's of water, until tlu're was no rooifi for 
inorcj at that ju'essure and tem[)e].\-Lture ; but, he 
asked, if this is what- ha])peiis, wliy does not 


Avat<.‘r dissolve the same volume of aiM gastis when 


the temperature and pressure ai e kept the same ] 
To this ([ucstion Dalton gave an answer Avhich 
has been of enormous imiK)rtaiicc to chemistry:— 
“1 am nearly persuaded that tlie circumstance 
depends u])on the weight and number of the 
ultimate particles of the several gases, those 
Avhose particles are lightest and single being least 
absorbable, and the othe.rs more, according as 
tlnlJy increase in Aveight and complexity/’ Ai^d 
■ to that ansAver he added a statement Avhich has 
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been even more important in aiding the advance 
of chemistry than the answer itself:—“ An in¬ 
quiry into the relative weights of the ultimate 
particles of bodies is a subject, so far as I know, 
entirely new. I have lately^ been prosecuting 
tiVis ijKjuiry with remarkable success. The prin¬ 
ciple c^tnnot be entered U])on in this paper, but 
I slaill just subjoin the residts, as far as they 
appear to be ascertained by my ex])eriments.’’ 
Dalton appends a TuhJc of the relative weif/hts of 
the 'ultimate particles of (jasems and other bodies.*' 
That list is the first example of what we should 
now call a ‘‘ 7\dde of (domic w/oddsf^ 

AYhen Dalton jnctui’ed to himself “a vessel 
full of a gas as like ono full of small shot,’’ he 
was doing what had been done by (Jreek philo- 
so])hers about 2500 ye;irs Ixdbre him ; but when 
he connected a definite and measurable ph eno- 
menoii with difierences in the weights of the 
ultimate particles of din'erent bodies, and, more 
rspecially, when he shewed (in later publications 
than that I h:fevc (pioted from) how to determine 
the relative weights of these hy])othctical ulti¬ 
mate parti(Jes, ho converted the int(iresting 
speculation of the (ri’eeks into a scientific and 


science-producing theory. 

I cannot enter into the reasoning whereby 
Dalton was led in the first instance to assign cer¬ 
tain relative values to the weiglits of the ulti¬ 
mate particles, or atoms, of various elements; 
the reasoning, and the experiments which suf)- 
plied the data, were rather physical than chemi¬ 
cal. But at a slightly later time Dalton enunciated 
the law of combining weights as a necessary 
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deduction fi'om Ins theory of the structure of 

V 

; and then the reasoning whereby the 
relative wciirhts of the atoms of the elements 

O 

were determined ran somewhat on the following 
lines. 


'riie tlieoiy began by assuming that every 
definite kind of mattA*r, that is, ('\erv*'element 
and eompomid, has a gi’aiiuid structure', of 
course, if all elements ?ind r‘om])ouuds have a 
grained structure, mixtures must ha\e a similar 
structure. Ihit what (‘vjictly is mi ant ly a 
ffrainnl ? Merely that any definite sub’ 

stance fills spacci as :p>])les fill a barrel, and not 
as j(*lly filis a mould ; that if one could magnify 
eiKumously a small portion of any delijiite sub¬ 
stance', say wattT, one would see an immense 
lif'aj) of (*\tremely smaJI ])ai‘ticles of water piled 
together with intcu'stices between them ; agraim'd 
structui'e means i‘xactlv what J)alt(ji>?s picture 
of a vessel full of small shot means Then the 
theory asserted that every individual grain of 
any definite kind of matter is exa‘''t ly like evei y 
other gi-alji of the same kind of matter, alike in 
W(‘/ight and in all otlujr ])roperUe-s. Dalton 
called th(‘se minutii gi-ains of (‘hmients and com^ 
pounds ah)ni.% but as ho applied the term both to 
(‘lements and comixmnds it is evident that he 
did not use the term in its strict, etymological, 
meaning of ftomeihinfj whirli canmd he cuL AVe 
arc assured tliat Dalton Avas very fond of 
clenching a chemical argument with the 
statement: “ Thou knowest thou canst not cut 
an atom,’’ lie evidently meant, - - you caiiT 
cut an atom without destroying the essential 
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properties of the suhstane.c ; if you cut an atom 
of water, for instance, you have no longer water, 
hut oxygen and hydrogen. Dalton evidently 
thougiit of the atom of an element as, ])i'actieally 
at .any rate, indivisible. Tt iv well to notice here 
that^the Daltonian theory does not concern itself 
withli^c (juestion, which lies outside the domain 
.^f ))hysical science, of the linite- or infinite divisi- 
hility of matter. (Iraftting, then, that mat ter has 
a grained structui*e, that all the grains of any one 
kind of matter m e ideiitic.d in \V(‘ii;ht and other 
pro|)(;rties, and that tli(‘se gi'aiiis, or atoms, cannot 
1)0 cut without tli(j dis;i[».^)earaiice of the special 
kind of matter of which eacli grain is a. minute 
portion, the tln^oiy went ofi to assen't that the 
ehemieal union of elemcaits consists in tin; joiin 
ing of definite iinmlaas of atoms of elements into 
more complex atoms, which ;ue atoms of com¬ 
pounds ,* and tint, cheinic al interaction hetween 
<*ompounds consists in, tii’st, tin? hreaking u]) of 
the atoms of the r(‘acliiig coiin)onnds, and then 
the rearrangement of tin* (dmnentary atoms so 
orodueeal iu n(!\v eond)inations, tint is, so as to 
’orm new (foni])ound atoms. 

Having thus cleaved the ground, let us see how 
the relative weights ot the atoms of the elements 
were determineal aftei' the enunciation of the 
law of comhiiiing (a’ghls. As hydrogen is the 
lightest kind of matter known, that element was 
taken as the standard iu terms of which the 


relative weights of atoms were to be expressed ; 
the weight of an atom of hydrogen was called one, 
and the object was to find out how many times 
an atom of each element was heavier than an 
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atom of h 3 ^drogen. Take the case of the union 
of hydrogen and oxygen ; weights of these ole- 
inonts comhinc in the ratio of one part of hydro¬ 
gen to eight parts of oxygen ; hut the act of 
combination consists, according to the theory, in 
the joining of atoms of the two elements ; there¬ 
fore, one atom of oxygen weighs eighi"'times 
more than one atom of hj^ilrogen ; and, as uhe 
atomic weight of an element is bu) number which 
tolls how many times an at(jm of that element is 
heavier than an atom of h^Hlrogcm, the atomic 
weight of oxygcTi is eight. Or take the case of 
hydrogen and chloriiio; tlio weights of these 
elements which comliine stand to one a.nother in 
the ratio of I to .‘io-o ; therefore, as the act of 

combination is asserted by the theory to consist 

•/ •/ 


in the joining of atoms of hydrogen, all of which 
are identical in weight and other ]>roperties, Avith 


atoms of chlorine, all of which are also identi(!al 
in Aveight and other pr(>})erties, but all of Avhich 
dilfer in Aveight as Avell as in other properties 
from atoms of hydrogen, it folloAvs that one atom 
of chlorine is 35-5 times heavier than one atom 
of hydrogen, in other Avords, that 4he atomic 
Aveight of chlorine is thirt}^-live and a half. Or 
take the case of sulphur; inasmuch as the weights 
of sulphur and hydrogen Avhich combine are in 
the ration of 16 to 1, it follows, by reasoning 
similar to that ab cady used, that the atomic 
Avcight of sulphur is sixteen. 

The relative Avcights of the atoms of the ele- 
moidis, that is, the atomic weights of the elements, 
were obtiiincd by the use of the Daltoniari 
theory in exactly the same Avay as the relative 
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values of the comhining wtM’ghls of the elements 
were obtained; both atomic and comliining 
weights were stated in terms of hydrogen as 
unity, because hy<lr()gcn weighs less, bulk for 
bulk, than any other elerteiit. Indec'd, it is 
wni’thy of note that the two conceptions expressed 
by tbe terms atomic weiglit and combining 
Aveight were introduced into chemistry at the 
same time and l)y the s;ime man. 

A close examinatirin of the rc.izoning whereby 
it has been asserted in the ])reccding paragraphs 
that values were found by Dalton for tlie atomic 
weiglits of the (ihumnit , Avill disclose a large 
assumption which Avas pnrjioscly sbuT(‘d over in 
these j^aragrapljs. Turn again to the case of 
oxygen ; the atom of oxygen was said l)y Dalton 
to AV'cigli 8 tini(‘s more than llie atom of hydro¬ 
gen, because. 8 ])arts by AV(‘ight of oxygen com- 
biiHi Avftli 1 part by Aveiglit of hydrogen. In 
draAving this conclusion the assumption has 
evidently lioen nuuhi that avIkmi oxygen and 
hydrogen ^ombiiui a single atom of cither 
clement is joined to a singh‘ alum of the other 
clement. tSnjipose Dalton had chosen to assume 
that two atoms of hydrogen combine Avith one 
atom of oxygen, then, as the weights of the 
elements that coniliine are in the ratio of 8 to 1 
(oxygon to hydrogen), and as it is asserted that 
one atom of oxygen eonibines with two atoms of 
hydrogen, it is evident that each atom of oxygen 
must weigh 16 times as much as each atom of 
hydrogen (16 : 2 =- 8 :1). On this assumjjtion, 
the atomic Aveight of oxygen Avould he 16, and 
not 8 as determined by Jlalton. 
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Suppose, again, that Dalton had assumed that 
two atoms of oxygen com))ino with one atom of 
hydrogen, then the conclusion must have fol¬ 
lowed, from th(*. fact that eight parts of oxygen hy 
weight combine with oiui part of hydrogen, that^ 
the atom of oxvgini is four times heavier than the 

\j / 

atom of hydrogen, and on this assnmptl^hi the 
atomic weight of oxygen would Ik^ four. To 
arrive at the value S f(5i- the atomic weight 
of oxygen, Dalton made the simplest of all the 
possilJe assumptions regarding the numbei’s of 
atoms of hydrogen and oxygen tint combine, the 
assumption, namely, that the atoms of these 
elements combine* in the ratio of one to one. 


Look for a moment at tin; cas(‘. of nilrogem 
Dalton said tint bcnauise IhK) parts by weight 
of nitrogen combine witli one part by weight of 
hydrogen, the atomic weight of niti’ogen is 4’6G ; 
the assumption nas implicatly made that atoms 
of these two elements combine in the ratio of 


equality. Lut at a later time the atomic weight of 
nitrogen was chang(‘d to 14, that is,"to 4’66 x 13 ; 
and it was then asserted tliat three atoms of 


hydrogen eombine with a single atom of nitrogen, 
to form a com})ound atom of ammonia (14 : 

4‘66 : 1). 

Why should the simplest possil)le assumption 
regarding the numbers of combining atoms be 
made in some cases, and a more complex assump¬ 
tion be accepted in other cases ] Briefly jmt, 
the principle which guided chemists was this ; 
make the simplest assumption yon caii that is in 
keeping with the observed reactions of the com¬ 
pound you are dealing with. If it is assumed, 
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fo!* instance, that one atom of liydrogcn combines 
with oiK^atom of oxyi:;en to form a compound ntom 
of water, th(*n it sliould not be possible to remove 
})art of tlie hydro,u;eii, or ])art of the oxygen, from 
tlu! waler-abnn; if theic* is only one atom of 
e.u li element in the eom])ound ;Uom (jf w;Ucr, 
then, it^hydrogen is tak(m a,way, or if oxygen is 
i‘cnrov(*d, from watei*, all I lie hydrogen must be 
taken away, or all the fkxygtm must lx; reniovcxl ; 
because an atom of an (‘lenient bv delinition, 
a (juantity which (‘annot be di\a’ded into smalha* 
parts of th(‘ sa.mc substance. Now, they said, 
exjieriments prove that tlu' hydrog(‘n in ammonia 
can be removed in thre(; equal poi'tions, but that 
if any nitrogen is t.iken away fiom ammonia 
all (he nitrogen must be takim ; thei-efore, as the 
chemical reactions of ammonia consist, in tin; 
Jirst instance, ifi bn'aknig up abmi of this 
(‘ompound, it is evident that there must be three 
atonis of hydrogen, but only a single atom of 
litrogen, in the conqiound atom of ammonia ; 
and ther(;f()r(*as the weights of the two el(;ments 
that (iombine to bnan ammonia are in the ratio of 


1 to 4‘GG (hydrogen to nitrogen), it follows that 
th(‘ atomic weight of nitrog(;n must be fourteen. 


The princi])le which guidixl chemists in select¬ 
ing one value, from several possible values, foi* 
the atomic weight of an elcirn'iit is a pi’ineiple 
that is constantly used in all branclu's of natural 


science, and in all affairs of (jrdinary life; it is. 


make the simplest assumption that is in k(;(;ping 


with the facts, and ae-t on that assumption. 

But this [ii inciple could not be applieef to 
the determination of atomic weights either with 
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sufficient ease or sufficient exactness. Each case 
had to be discussed elaborately; numbers of 
subsidiary facts had to be marshalled, and com¬ 
pared with other similar facts, or contrasted 
w'ith other dissimilar facts. 1^he theory ccf- 
taiuly laid down a ])rinciple capable of universal 
aj)plication ; but the application did niic go far 
enough; it left chemists in doubt as to wfiich 
of several possible valucf^for the atomic weight 
of an clement was the correct value. What the 
theory did was to enable a value to bo found 
which, or a whole multiple, or a whole sub¬ 
multiple, of which, w>:s the value for the atomic 
weight. It was ordy iKTcssary to determine the 
weight of an (element which combined with one 
part by weight of hydrogen ; then this weight, 
or a whole multiple of this Aveight, or it might 
be a whole sub-multij)le of this Aveight, was the 
relative Aveight of the atom of the clViment in 
question in terms of the Aveight of the aton,\ of 
hydrogen taken as unity. In the case of an 
element which refused to combine** Avith hydro¬ 
gen, all that need be done Avas to use oxygen as 
a go-between, and to find the Avei*ght of the 
element Avhich combined Avith 8 parts by weight 
of oxygen; for 8 parts by Aveight of oxygen 
combine Avith 1 jxirt by weight of hydrogen. 

But chemists wished to be able to decide 
which of several possilde values was the correct 
value for the atomic Aveight of each element. 
Turn again to the case of oxygen. If it is 
assx^med that one atom of oxygen combines 
with one atom of hydrogen, then, from thS 
Experimental data, the atomic weight of oxygen 
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must be 8, and the compound atom of water 
must weigh 9 times more than the atom of 
hydrogen ; if it is assumed that two atoms of 
oxygen combine with one atom of hydrogen, 
then the atomic wciight of cv^ygcri must be 4, 
and tlie compound atom of water must weigh 
9 t:me^''^nore than the atom of liydrogen ; and 
if it is assumed thajt one atom of oxygem com¬ 
bines with two atoms of hydrogen, the atomic 
weight of oxygem must be 10, and the com- 
})ound atom of Avat(‘r must weigh IS times more 
than the atom of hydrogen. If a method can bo 
found for determining the relative weight of the 
compound atom of water, an important step will 
nave been taken towards determining the rela¬ 
tive Aveight of the atom of oxygen also; and if 
the relative Aveights of a number of com])ound 

o i 

atoms, all of AAdn'ch contain oxygen, can be de¬ 
termined,* data AAoll liaA^e ]>een oljtaincd for iind- 
ing^the true value for the atomic weight of 
^ xygen. 

The shortetmiing in the thef)ry he had enun¬ 
ciated Avas felt, and plainly acknowledged, by 
Dalton, lltf says that his object Ava,s, not only 
to ascertain “the relative Aveights of the ulti- 
mate particles both of simjde and compound 
bodies,^’ but also to determine ^‘thc number of 
simple elementary particles which constitute one 
compound particle, and the number of less com¬ 
pound particles which enter into the formation 
of one more compound particle.” In order to 
attain these objects Dalton laid doAvii cerUiin 
lules regarding the complexities of compound 
particles, which helj)ed him, and others, to 
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arrive at consistent conclusions rei;ar(ling the 
relative weii;]ils of the atoms of the ckniuaits. 

But rules Mu*re not sufficient; an all-cmlnacing 
general principle was inpiired, whereby the rela¬ 
tive weights of tliQ atoms of compounds could be 
determined. Sindi a ])rinciple was su|)[)licd in the 
year ISll by the lirdian naturalist, Av(/g.tdro. 

Avogadro nnnarhed two tldngs. Ih’rst he said 
there must lx; some reas<Ai for th(^ fact that when 


gas(‘Ous elements or gaseous coTnpounds react to 
produce new gases, there is an extremely sim])le 
relation Ix'twf en the volumes of all 1 he gaseous 
bodies conceiau'd ; t’o^finstance, a pint of o\ygen 
combines with two pints of hydrogen to form two 
pints of steam, and two ])ints of hydro<‘hloricacid 
gas are form(‘d by the union of a pint of hydro- 
gem with an eepial volume of chlorine. Them he 
ii()ti(‘(‘d the undesirability of applying the same 
term, the term to an extremely minute por¬ 
tion of an element, and also loan extiemely minute 
portion of a com])ound ; for what A>as called an 
atom of a com|)ound could be, a? d constantly 
was, sliattered into parts, whereas an atom of an 
element was, by deiinition, that ext^emely small 
quantity of the element which wus never broken 
up in any of the reactions whertu’n the element 
took part. Avogadro said in elbjct:—la^t ns re¬ 
cognise two orders of extremely small ])articlcs; 
let us speak of the 'iuolernl(\ and also of the atom; 
let the molecule, cither of an clement or a com¬ 
pound, be the smalh'st portion of the body which 
exhibits those properties which wc recognise 
when the body is regarded apart from the actiofl 
on it of other ])odies; let the term atom be 
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applied to elements only, and let it inean one of 
those parts of an elementary moleeiile into which 
that molecule is shattered when it I’eacts ehemi- 
cally with other molecules. Avoi^adro pictured 
th(i mol(‘cules of eleimnits as i^^hemscdves struc¬ 
tures ; he thoui^ht of these structma^s as remain¬ 
ing intaT^in all those cha.iu;<js we c;i,]l physical; 
and lie re])rescnte(l . chemical action betAV(*en 
elements as coiisisfini^, iti the hi st ])lac(‘, in the 
falling to ])ieces ot tluj mol(MuIt‘s of those 
ehniients, and tlnai in th(j airaii^tMiient of the 
parts of molecules so })roduce<l, that is, in the 
arrangement of the atoms, iw new combinations, 
that is, new moh'cules. Y\nd he rejireseiited 
(•liemieal aelion l>etn’e(‘n compounds by an ex¬ 
actly similar mechanism ; Ini [)ictur(‘d compound 
mohiculcs clashing logcthei’, and falling to pieces, 
and then he saw the (;lementa,i*y atoms re¬ 
arranging •tlnmiselves in new groujis, and so 
{reducing either the molecules of lu'W com 
j)oun(ls, or, if atoms of the sann* kind should 
coalesce, the UTRileciih's of chinnmts. IJy his re¬ 
cognition of tlui molecule, and the atom, Avo- 
gadro removal the dist inction betw(‘en the. mech- 
iwdsLis involved in chemical reactions between 
elements on the one hand and eomiiounds on the 
other hand, which the Daltonian use of the term 
atom had tended to foster. Then, to account for 
the great simplicity whiidi experiments had 
proved to exist in the relations between the 
volumes of gases that react chemically, Avogadro 
said :—of elnuenlorji or nonjfoiufd 
gorses^ 7neasured at the same tetnperotare and pressure^ 
coulam equal numbers of violee.ules. This state- 
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ment has been known for many years as Avo- 
gadro'a Lmv; it is of paramount importance in 
chemistry. 

Avogadro enunciated the words I have put 
into italics as an empirical statement; since his 
day it has been raised to the raidv of a necessary 
deduction from a general dynamical * theory of 
the constitution of homogeijeous gases. It is 
quite impossible in th^s place to go into the 
reasoning whereon this deduction from the 
dynamical theory of gasc's rests ; all that can 
be said is that the reasoning is mathematical 
and dynamical. T(ie truth and universal ap* 
plicahilit}^ of Avogadro’s law are really assumed 
in chemistry. 

Equal rolnuu'.'^ 0 / f/aoqnal vvmbcrs of molccnh'S. 
Hero is a method for d()ini.r what I)alton re- 

O 

cognised must be done, but which he failed to 
do, a method for finding the relative'weights of 
the molecules, or, as Dalton would have sahl, the 
compound atoms, of all comi)ounds which can 
be gasified without dcconn)ositii'jn. And the 
method is also applicable to elements; pro¬ 
vided an element can be gasified A(ithout under¬ 
going chemical change, the molecular weight M 
that clement can be determined by ai)plying the 
law of Avogadro. 

Let us see how the law is used to accomplish 
this end. All the molecules of the same gas arc 
asserted to have the same weight and to be 
identical in jiroperties. Suppose a pint of 
hydrogen, a pint of oxygen, and a pint of dry 
steam, are weighed at the same temperature alid 
pressure; and the results are stated so as to 
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express how many times heavier than the lightest 
of the three the other two are, that is, how many 
times the pint of oxygen, and how many times 
the pint of steam, is hcavic'.r than the pint of 
hydrogen. Those nnml)ers wijich express the 
relative Aveights of cijual hulks of the three gases 
must affi^ express the relatiA'e Aveights of equal 
uuml^ers of the three kinds of Tnol(‘enlcs ; for 
equal A^olumes of ^ases tamtain cipial nuiiihers 
of molecules. Noav, as all the iiioleeulcs of 
hydrogen Aveigli the same, and as all the mole¬ 
cules of oxygen weigli tluj same, and as all the 
molecules of sceain Aveigh tl^ same, the numbers 


Avhich express the rehitlve weights of equal 
numbers of molecules of hydrogim, oxygen, and 
steam, respectively, must also express the re¬ 
lative Aveights of single nioleciih's of*^.hese three 


kinds of matter. Tn other Avords, tlie inoleciilar 


weights of«the three gases are expiesscd by the 


eumbors Avhieh tell the rclativii AVTiglits of e([ual 
vriumes of these gases, providial these volumes 


are made equal at the same temperature and 


pressure, for the volume of a 


gas changes very 


much with changes of temperature or pressure. 

Let us take the actual (jxperimental results in 
the cases we arc examining. Ex])eriments prove 
that any volnmo of oxygen Aveighs sixteen times 


more than the saim; volume of hydrogen, tem¬ 
perature and pressure being the same; and ex¬ 


periments prove that any volume of dry steam 
weighs nine times more than the same volume of 
hydrogen, at the same temperature and pressure. 
Therefore the molecule of oxygen is sixteen times 
heavier than the molecule of hydrogen. In 
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Other words, if the molenthu' weight of hfdrogen is 
set down one, the molecular weight of 

oxygen is sixteen, and the nioleculnr weight ot 
steam, or water-gas as it may be called, is nine, 
llydrogcm is cjiosen as tlui standard substance 


bccausci it is the 


lightest kind of matter known. 


The molecular weight 


of a gas is tliC’^numlx'T 


which tells how many t-im(,'s a molecule of that 
gas is heaviei’ than a^ molecule of liydrogen. 
And the molecular weight of a gas is determined 
l)y finding how many times a determinate volume 
of that gas is h(‘avier than the same volume of 
hydi'ogen nn'asnred, it the sanui temp(‘raturo and 
the same inessurc. 

IS^ow supposing, let us say for reasons of con¬ 
venience, that it is decided to represent the 
molecular >veight of liydrogen by the numlier 
twOy rather than by unity. Then, in the cases 
we have examined, the molecular • weight of 
oxygen would be expressed by the number 32, 
and the number 18 would expi ess the molecular . 


weight of water-gas ; for 1 ; 10 lo.O — 2 : 32 : 18. 
Sui>posing that the molecular weight of liydro¬ 
gen is taken to be three, then «he molecular 
weights of oxygen and water-gas must be ex¬ 
pressed by the numbers 48 and 27 respectively. 
If it should be found convenient to call the 


molecular weight of hydrogen otw, half it is evi¬ 
dent that the number 8 must be used to repre¬ 
sent the molecular weight of oxygen, and the 
number 4i to represent the molecular weight 
of water-gas. 

^ As a matter of fact, the molecular weight* of 
hydrogen is always expressed by the number tvjo: 
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and therefore^ the molecular weights of oxygen 
and waler-gas are expressed bj" the numbers 
32 and 18 njspectively. Now why should the 
molecular weiglib of liydrogen, which it is agret'd 
shall bo th() standard element whereto all other 
mol{‘cular weights shall be refeired, be re 2 )re' 
sented the number two rat-Iier than by the 
uumDcr one ? It is^to be r(‘member(»d that we 
have agreed to exj^ress ^he atomic weights of all 
elements by numbers Avhich tell how many times 
heavier each atom is than the atcjiii of hydrogen, 
and that in assigning values to tliese atomic 
Aveights we ha\ e agreed to* take tlie atom of hy¬ 
drogen as unity ; in other words, w(^ have agreed 
to cxj»ress all atomic wedghts oil tin*, scale of 
hydrogen, calling the Aveiglit of an atom of 
liydrogen one. we then to ex[)ress all 

molecular weights on the scale of hydrogen, with 
the molecxilar weight of liydrogen taken as one, 
wv shonhl obtain tlie same numlxirs for the mole¬ 
cular, as for the atomic, Aveights of the elements, 
isbjw, granting AA'ogadro’s law, it can be sheAvn 
that the molecuhii' Aveiglits of some elements 
at any ratet are not thii same as tlu^ atomic 
weights of these elements; it can be shewn 
that when such ehuneaits react chemically their 
molecules are shattered into smaller parts. In 
the case of hydrogen, it can be shown tliat the 
molecule of this element is broken into two 
jiarts in many chemical reactions. But if the 
molecule of hydrogen is comfAosed of two i)arts, 
and if the parts of the molecule of an element 
ave to be called atoms, then the molecular wei^it 
of hydrogen must be reiiresented by a number 
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twice that which represents the atomic weight 
of hydrogen; now we have agreed that the 
atomic weight of hydrogen shall be represented 
by the number one ; hence the molecular weight 
of hydrogen must be represented by the number 
two. 

The proof that tlie molecule of VyJrogen 
separates into two parts during many chemical 
actions, rests upon, and • assumes the validity of, 
the law of Avogadro. Consider one especial 
reaction of hydrogen; namely, its combination 
with the gaseous element chlorine to form the 
gaseous compound hydrochloric acid. Experi¬ 
ments prove that ecpial volumes of hydrogen 
and chlorine combine to form a volume of 
hydrochloric acid gas that is ecpial to twice the 
volume of tlie hydrogen, or twice the volume 
of the chlorine, used ; and that hydrochloric acid 
gas is composed of hydrogen and chlorine, and 
of these elements only. Apply Avogadro's 
law to these facts. Equal rolumefi, equal niunber 
of molecules. Whatever may bo tjie number of 
molecules of hydrogen, twice as many molecules 
of hydrochloric acid gas have b^^en formed; 
therefore every molecule of hydrogen has ^pro¬ 
duced, by uniting with chlorine, two molecules 
of hydrochloric acid gas, for one volume of 
hydrogen has produced two volumes of hydro¬ 
chloric acid. Therefore every molecule of 
hydrogen has separated into two parts (it is 
just possible that each molecule may have 
separated into more than two parts) \ and each, 
half molecule has combined with a half mole¬ 
cule of chlorine to produce a molecule of hydro- 
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efiloric acid gas. Now these fractions of tlie 
luolcculc of hydrogen an) called atoms of hydro¬ 
gen ; and as each molecule of hydrogen has 
separat(*d into two atoms, the molecular weight 
of hydrogen is evidently doubl'e its atomic 
weight ; but the atomic weight is, by agrec- 
m(mt,^l_^ be taken as unity, th(‘refore tin' mole- 
cuktr weight of liydi’ogen must be (‘xnressed by 
the number two. 

Of course tlie argurmuit applies to chlorine 
also ; liad we fixed on chlorine as the standard 
element for atomic and molecular weights we 
should h.’ive called the ;‘tomi<*, weight of that 
element one, and, from the foregoing facts and 
reasoning, we should have set down the molecular 
weight as two. 

Many other reactions between hydrogen and 
other gas(‘ous elements lead to the same conclu¬ 
sion, navaely, that the molecular weight of 
hydrogen is twice its atomic weight; in other 
words, that the molecule of hydrogen is broken 
into two par^s, or atoms, during many chemical 
reactions, and that these atoms enter into union 
with oth(T pj^onis to form luiw molecules. 

The molecular weights of stweral elements, and 
of many compounds, have been determined by 
the use of Avogadro’s law. And this law has 
also enabled the atomic; Aveights of the greater 
number of the elements to bo obtained. It is 
not easy to follow tlic^ method whereby the 
application of the law leads to determinations of 
atomic Aveights ; but an illustration may put the 
reader in the Avay of understanding the principle 
of the method. Let us choose oxygen. The 
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relative densities, referred to hydrogen, of a 
number of compounds of oxygen in the gaseous 
state have been determined; wlicn the number 
expressing how many times each of these 
gaseous compound^j of oxygen is heavi(*T than 
an equal hulk of hydrogen is multiplied by two, 
the result is the molecular weight of th^lu\;om- 
I)Ound. All these compounds have been analyibJ, 
and the quantity of each^ element has been ex- 
pi-( issed as so much of that edement by weight in 
one molecular weight of the compound. Then 
the smallest quantity by weight of oxygen found 
in a molecular weight-, of any one of these com¬ 
pounds is taken as the atomic weight of 
oxygen. instanct), carbonic acid gas is 

found to be 22 times heavier than hydrogen, 
bulk for bulk; therefore the molecular weight 
of this gaseous compound is 14: the anal 3 'sis of 
carbonic acid gas shows that it is composed of 
27*27 'i>cr cent, of carbon, and 72*7^5 per rent, of 
oxygen; if these numbers are stated as jiarts by 
weight of carbon and oxj^gem, respectively, per 
44 i)arts by weight of the compound, the results 
are, 12 parts of carbon and .42 part>.-of oxygen. 
That is to say, in the quantitj^’ of carbonic :7cid 
gas expressed by the molecular weight of that 
compound, there are 32 parts by weight of oxygen 
(and 12 })arts by weight of carbon). Now, no 
molecule of a compound of a certain element can 
contain less than a single atom of that element, 
although the molecule may contain several atoms 
of the element; this follows from the conception 
of tke atom as tlio minute portion of an element 
the division of which into parts, if that could be 
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^accomplished, would be attended by the produc- 
tioji of kinds of matter entirely ditterent from the 
clement. Hence in the present case the atomic 
weii^ht of oxygen cannot be greater than 32. 
Another compound of oxyg-#n is dealt with in 
the same way as (*ar1)()nic acid gas. 8upi>ose 
watiT to be the compound chostMi. AVater-gas is 
found to be nine limes lieavier than hydrogen; 
hence the molecular Weight of water-gas is 18. 
Analysis shows that IS parts by weight of 
water are composed of 1G parts of oxygen, and 
two parts of hydrogen ; tli(‘refore, the atomic 
weight of oxygen cannoo be greater than 16, 
although it may be a wlioh* .siil)-multiple of 
that number. Other eompouiids of oxygen are 
examined in the same way; and the final result 
is that less than 1 G parts by weight of oxygen 
has never been found in the quantity of any 
compouiid of oxygen which is expressi^.d by the 
molecular weight of that comiiound. The atomic 
weight of oxygon is therefore taken to ])e 16. 

Sufficie-nt*lias been said to indicate, not to ex¬ 
plain thoroughly, the meanings of tlie terms atom 
and moleciiie. The atomic and molecular theory 
de dares that matter has a grained structure ; that 
were our eyesight keen enough we should see 
that every piece of each definite kind of matter has 
a structure, like a brick wall, or a company of 
soldiers, or a heap of a])ples, or a roomful of 
cricket balls, or a botthdul of small shot. The 
theory calls these minute portions of homogene¬ 
ous matter molecules; it asserts that all, the 
molecules of any particular element or com¬ 
pound are identical in w’eight and in all other 
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proportios, and that tlio propcntios of any 
quantity of the element or compound are the 
properties of the molecules of that element or 
compound. The theory hids ns think of the 
molecules as alwaysi moving about; moving fairly 
freely, but knocking against ea.cli other now and 
again, when the body is in a state of gas ; moving 
less fre(‘ly wlnm th(‘. body is a K' lpid • and jiackWl 
tightly, with but little freedom of motion, when 
the body is a solid. As long as the molecules of 
an element, or com])ound, merely change their 
rates of motion, but are neitluT disintegrated, nor 
enter into union with c^lier molecules, the theory 
says til at physical action only is taking place. 
But when a moh'.cule of one kind colli<les with a 
molecule of another kind in such a wav that, cither 
the molecules are shattered and their parts pair ol! 
in new combinations, or the molecules swing to¬ 
gether as a single, more complex molecule,then, ac¬ 
cording to thetlieory,chemical action has occurre.d. 

The molecules of elements, as well as iliose of 
compounds, may bo disintegrat(*d by'tlie violence 
of th(‘ir collisions, or by some otlier cause : but 
in most cases, at any rate, these parts', these frag¬ 
ments of molecules tend to coalesce ] sometimes 
tlie old ])ortions join hands again, and the mole¬ 
cules that were shattered are re-formed; more 
frequently new combinations of partners are 
formed, and new kinds of molecules are pro¬ 
duced. If the molecule of an clement has parts, 
these parts are all exactly alike in weight arid all 
otheiT properties. The molecule of a compound 
has ^s many kinds of difierent parts as the num- 
ber ot the elements that make up that compound. 
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AA'hen molecules arc com])letely disintegrated 
the parts of the nioh‘cules ai’c called atoms. The 
properti(\s of an (‘lenient considered a])art from 
other kinds of matter —for instance, the spetnfic 
gravity, the electiiciil proj)efties, tlui exj)ansion 
by heal, the colour, and so on—are, t le pro- 
l)erfies of ihe n]ohM;ules of that eleni(*nt; but, 
as the molecules are se])arated into tli<ni‘ atoms 
when chemical change occurs, tlu*, chemical re- 
.actions of the (‘Icmient arc (‘onditioned by th(‘ 
properti('s of th(‘ atoms of that eh‘meiit. Afoni- 
over. as the moiiient aii ehmu'iitary molecule is 
divided, the atoms tend to join into groups, 
eithei- l)y uniting with atojiis like tlumiselves to 
nvform the elementary m()le(‘,ules, or hy eomhin- 
ing with other kinds of atoms to ju’odm'e com- 
poimd moh‘culcs, th(‘, clumiical properties of an 
eleriii*nt ai(‘ oidy exhihittMl when that element 
acts 01 /, and is act(‘d on hy, other kinds of homo¬ 
geneous matter. And what is true of the mole¬ 
cule of an elem(‘nt is true also of the moleeiile 
of a coni])#)und ; the chemical properties of the 
compound are e.xhihited only ivlnm the niol(‘cule is 
brok(‘n iijjf or when it unites with other molecades. 

No atom has ever Ix^en di\ided; if an atom 
were divided—the theory does not say whether 
the cutting (jf an atom is, or is not, possible*— 
kinds ol’ matter w^ould be [)roduced ([uite dillerent 
from tlie elenu'nt whose atom w'as separaD^d into 
parts. The atom is the ultimate particle of 
matter with which the chemist has to deal, at 
present at any rate. Chemistry recognis(‘s how 
changes take place in combi nations of these un¬ 
changing particles. 
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It would not bo difficult to shoAv that the law 


of combining and r(‘acting weights, whicli is the 
generalised result of tlui study of the compositions 
of homogeneous kinds of matter (see p. GO), follows 
necessarily from the„])ostulates of the atomic and 
molecular theory; but I leave this (leduction to 
the imaginative common sense of tlie reader/ 
Some one may say:—Wliat of.tlie other theory ; 
the theory that any ap[Vircnt[y homogeneous 
matter is truly liomogeneous throughout; that 
matter has not a grained but a jellj'-likc*. struc¬ 
ture ? To such a j^erson T would reply—try the 
jelly theory. It lias Ihvlmi often tried; attempts 
have becTi made; to exjdain tlui ol)s(n ved pro¬ 
perties of matter by its aid ; but it breaks down 
at once. The first test, and the final test, of 


every scientific theory is: Does it work? 
jelly theory of matter docs not woik. 

The molecule then has itself a structiu'e 


Tho 

it is 


built up of parts, of atoms ; and these parts, one 
is forced to admit, are arranged in a definite way 
relatively to one another. The eoneeption of the 


molecule, like so many chemical conceptions, is 
essentially that of a building. And Ohis is the 
part of the subject which we must now go into 
a little more dee])ly. Let us recall Wohler’s 


synthesis of urea (see p. 111)). By heating am^ 
monium cyanate to 100' Wbliler obtained urea. 
But ammonium (lyariate and urea have identical 
compositions; the composition of both is ex¬ 
pressed by the formula The molecule 

of ammonium cyanate is composed of two atoms 
of nilrogen, one atom of oxygen, one atom of 
carboa, and four atoms of hydrogen; and the 
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molecule of urea is composed of the same numbers 
of the same atoms. Ifow, thou, can the proper¬ 
ties of the two molecules be dilfcreiit from one 
another ? It is easy to see that tiui propta ties of 
a molecule must depend on the properties of the 
atoms that com[)ose it, and on the numl)ers of 
each kin<l of atoms. Hut the case of ammonium 
cyanate and ur(‘a ghews that then*, is a third cou- 
ditioniim circumstamr. AVhat can that circum- 

€7 

stance? be except tlu' ari-ang(*ment of the atoms 
that c(^m])ose the mulecule ? Ihit the considera¬ 
tion of tlie structui'e of molecules demands a 
chaj^ter to itself. 


(dIArTKR IX. 




AmaiTTI-K •'J'URE. 


The piocess oi‘ lormiji^^ a clieiiiical compound 
from two 01 * more elements has been likened in 
these pai^TS to tin? construction of a building. 
We must nftw a(;custom ourselv(?s to think of the 
formation of a ch(*mi<'al building as the putting 
together (#f delinitc numbers of exceedingly 
minute pieces of defmite kinds of matter, which 
pieces are called atoms, and as resulting in the 
production of a moie complex, but still extremely 
minute, piece of matter, which is called a molC' 
cule. And although tlie properties of the build¬ 
ing are very different from the properties of the 
stones, or bricks, used in its construction, never¬ 
theless we must Higard the properties of the 
molecule as conditioned by, firstly the properties, 
secondly the numbers, and thirdly the arrange- 
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menl;, of the atoms wliich have heeu built into 
thnt molecule. 

I'ho molecules which the chemist Imihls by 
joining atom to atom are excec'dingly minute. 
We do not k!iow #Mie size of a molecule ; but 
there are m;uiy lines of reasoning, on different 
classes of facts, all of Avliich point to the con¬ 
clusion that th(i smallest portion of a di'finito 
kind of matter, say of water or iron, that can be 
seen by a very etlicicmt micros(‘o )e, is composcul 
of not hiss than sixty million, am not more than 
one hundred million, molecules. 

r have tried, in Cha^pter VI11., to indicate the 
kind of facts, and the nature of the reasoning on 
these facts, which lead chemists to definite con¬ 
clusions regarding tlui number of atoms of each 

O O 

kind that go to form the molecule of any parti¬ 
cular sort of matter. But in what diriattons 


shall chemists look for guidance when they 
attempt to frame a consistent and satisfactoiy 
picture of the arrangermmt of those surpassingly 
small pieces of matter which, Avheii put together, 
])roduce a thing so minute that it must be 
magnified from sixty to one hundred million 
times before it is visible ? The task may seem 
impossible, but it has b(‘en accomplished. 

t is to be i’emark(‘d that tlui chemist’s task is 


not, at present, to discover what is the arrange¬ 
ment of the atoms in this or that molecule ; that 
problem he does not attempt, as yet, although 
some day he experts to see the molecule with one 
of the many eyes wherewith the accurate study 
of nature supplies him : what ho has to do now, 
as I hifcve said, is to form a satisfactory and 
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consistent mental inia<i;e of the arrangement of 
the atoms in th(i molecules of the various elements 


and compounds the study of which is the busi¬ 
ness of clnunistiy. Th(i image which the cluuiiist 
forms must be clear, s(*lbc(jnFjsteut, in kc^eping 


with yie facts that are known, and sugg(*sti\c of 
facts to be investigated ; in a wonl, he must 


construct a scaeii^ic th(‘.oiy of the w^triu^ture of 
molecules. 


It would be absurd in such a l)(>()k as this to 


attempt anything beyond the slighl(‘st sketch 
of the gradual building u]> of the. theory of 
mol(‘culai* ai'clnt(H*ture, It 1 can incites a few 


readers of this book to go moie dee])ly into the 
mattcT, and if 1 am able to start tluuii on tlu' right 
path, 1 shall have done all 1 (‘an Ic^gitimately hope 
to do here. Consider the four ccjinpounds— 
hydrochloric, acid gas, water gas, ammonia gas, 
and mai^h ga,s ; the compositions, tlu^ molecular 
AV(dghts, and the iiLimh(‘r of atoms in the mole¬ 
cules, of these four gaseous compounds are 
expn'ssed Ity tlu' four formuLe, IKd (hydro¬ 
chloric acid gas), H.jO (water gas), H .X (ammonia 
gas), and (marsh gas). An atom of the 

element chlorine combines with (U/c atom of the 


element hydrogiui to form the com])()und mole¬ 
cule of hydrochloric acid gas ; an atom of tlio 
element oxygen combine's Avith fjro jitoms of 
hydrogen to form the compound molecule of 
Avater gas; an atom of the element nitn^geu 
combines Avith ihree atoms of liydrogeii to form 
the com])Ound molecule of ammonia gas; and an 
atom of the element carbon combines AAuth four 
atoms of hydrogen to form the compound mole- 
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exile of marsh gas. No compoiiiKl of cliloriiie is 
known in the molecule of which one atom of 
that element is combined with more tluni one 
atom of liydrogen; no compound of oxygen is 
known in the n\olecule of wliicli one atom of 
that element is coinbinctl with more than two 
atoms of liydrog(‘n; no compound of nitrogen is 
known in the molecule of jvhi^-li one atoril of 
nitrogen is combined with more than three atoms 
of hydrogen ; noi’ is any molecule known of a 
compound of cax'bon therein one atom of that 
element is coml)iiie<l with niorxi than four atoms 
of hydrogen. Tlu*r(i lis a limit to the number of 
atoms of hydrogen wdiich a siiigh* atom of 
chloriiKi eaii hohl in Union with itself so as to 
produce a stabh' molecular building ; and there 
is a limit to the number of atoms of hydrogen 
which a siiigh*. atom of oxygen, or a single atom 
of nitrogen, or a single atom of ('arbon, is able 
to unite xvitli to form a molecular siructure that 
does not fall to pieces. 

There is then a limit to the* number of 
hydrogen atoms which can he held by a single 
atom of any one of the four elemenAs, chlorine, 
oxygen, nitrogen, and c;irbon. And what is 
true of the atoms of these elements is true of 
the atoms of all the elements. An examination 
of the numbers of atoms in the molecules of 
compounds of all the elements that combine 
with hydrogen, reveals the fact that there is a 
maximum value for the number of hydrogen 
atoms wherewith one atom of any particular 
elerhent can combine to produce a firm moleculat 
Btnl^ure. 
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And as with atoms of hydrogen, so with 
atoms of the other elements. A study of tho 
atomic compositions of molecules, on the lines 
that have been indicated in tho foregoing ex¬ 
amples, leads to the notion of a limited atom¬ 
holding power as belonging to each kind of 
elcmonlary atom with rc'spec't to any other 
kincr of elementarv atom, 'fhe results of the 
study of the atomic c(rm])ositions of molecules 
go further than this ; they sliow that th(u*e are 
five elementaiy Jitoms which can Ixj used as 
measurers of the atom-holding power of any 
other elementary atom, lihese live; atoms are 
the atoms of liydi’ogen, of Huorine, of chlorine, 
of bromine, and of iodine. W hen we have 
determined the maximum number of atoms of 
hydrogen, or the maximum iiumluw of atoms 
of fluorirn*, or of chlorim*, or of bromine, or of 
iodine, wlierewitli a single atom of any specilieil 
element combim's to produce a stable molecule, 
we have also deterniiinxl the maximum number 
of atoms of r<iy kind which that specifu'd atom 
is able to hold to itself in any molecular building 
into which '{*• enters. 

The moment we grasp the fact that there is 
a limit to the number of atoms of any kind 
wherewith a specified atom can enter into direct 
chemical union to produce a molecular building 
which does not fall to pieces, we begin to have 
definite conceptions regarding the structure of 
molecules. It is now only ii(‘Cfssary to deter¬ 
mine the limiting value for each kind of atom; 
I have indicated how this can be done with Iho 
help of the atoms of the five elements that serve 
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as in(‘asiirers of atom-holding power ; then to 
devise a convenient language for expressing the 
atom-holding powers of tlie elementary atoms, 
and tlndr joining tog<‘ther in accordance Avitli 
the atom-holding powtn* of each ; and, finally, 
to r(‘pr(‘s(‘nt tlui reactions of compounds as con- 
iKJcted with the arrangement of tlu^ atoms tliat 
foi'in the mole.cules of the^se compounds,' that 
arrangennmt Ixung ('\^pressed in the sp(‘cial 
language -which has been dc;viscid. 

All tlie elementary atoms bc^long to one or 
other of six classes : tliere are tliose which can 
unite directly withrbut a single other atom ; 
there are those whicli ar(^ able to bind two other 
atoms to thmnselves ; tluue an* those* which 
can hold three other atoms ; there are those 
which can rc'tain within their splunc' of direct 
action four other atoms ; tliei c arc those which 
jirci abhi to act directly on, and be directly 
acted on by, live other atoms ; and there are 
those which can unite into one structure ^dth 
themselves six otlnn* atoms. 

I have purposely varied the; woi’ds whereby 
I have souglit to convey the oonceptiou of 
direct chemical union between atoms. ^.Vhai 
that union is we do not delinitely hnow ; it 
may be brought about l)y an attractive force 
between the atoms, it may b<*, due to the force 
of gravity conditioned by the forms and the 
motions of the atoms, but it is more probable 
that the forces bc^tween the atoms are electrical 
forces. What(W(ir future research may shew 
tlie nature of what we call ‘Slirect chemical 
unjon between atoms ” to be, we are compelled 
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l)y the facts to think of a molocule as held to¬ 
gether by sonu; kind of direct action between 
atom and atom ; we must imagimi tlie molecule 
as a definite and orderly structure, with each 
atom arranged in a particular waj" with respect 
to the other atoms, although all th(i atoms an^ 
in mo^-ioM, and with a direct action and re- 
acLitfn between anv one atom and a limited 
number of other’^itoiii^. The mohicule must 
be i)ictured as a sort oi’ miniatun*, solar systmn. 

A simphj devie(3 is adopted in eliemistry for 
repres(‘nting the number of atoms l)etween 
which and any specified at urn direct action and 
Hiactioii can take. pla,'*<i in any molecule. Tlio 
symbol of an ejcniuait, as wo know, is the first 
letter, or tln^ first and some other letter, of its 
name ; that symbol represents one atom of the 
element. To the symbol is attached either a 
Koman numeral, or' a number of lines ; and the 
figimi, or tin* number of lines, indicates the 
atom-holding power of the atom of the element 
in (juestion. •For instance, the symbols and 

-C- have the same meaning ; and the meaning 


is that an atom of carbon can hold to itself 
directly four, and not more than four, other 
atoms, in a molecule. So the symbols and 
-()- tell that an atom of oxygen is able to unite 
directly with not more than two other atoms. 
Then take the symbol for a compound expressed 
with the help of the device I am endeavouring 
to explain. J^et the compound be w ater ; the 
symbol H O H is meant to set foi'th the 
arrangement of the atoms in the molecule of 
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water in so far that the symbol implies direct 
action, and reaction, between the atom of oxygen 
and each atom of hydrogen, but the absence of 
direct union bet\ve(‘n the two hydrogen atoms. 
Alcohol is a inoj'e complicated compound than 
Avater;its composition and molecular weight, 
and the number of eacli kind of the atorris that 
compose the moleciih*. of alcojiol, are represehted 
by the symbol * Now, the reactions of 

alcohol can Ixi expressed in the special language 
we are consideiing, that is, the reactions can bo 
represented as conditioned by the arrangement 
of the atoms in tlni molecule of alcohol, by 
writing tlic symbol in tliis way ; 

H 11 

II C—C 0--H 

n 11 

This symbol is meant to express the fact that 
if we suppose the atoms of carbon to be in 
direct union with one another, and*:! we picture 
one atom of carbon as directly liolding to itself 
three atoms of hydrogen, and the tftheratom of 
carbon as binding to itself two atoms of hydrogen 
and one atom of oxygen, and if we also think 
of the atom of oxygem as directly holding the 
sixth atom of hydrogen ; if we keep this arrange¬ 
ment of the atoms O.^Il^jO in our mind, then 
we have a consistent, and, so far as it goes, 
satisfactory, way of thinking about the reactions 
of alcohol as conditioned by the number and 
arringement of the atoms that form the molecute 
of ;tllat compound. This formula must not be 
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regarded as pretending to be a likeness of the 
niolocule of alcohol; whatever that molecule is 
like, it is certainly not a collocation of atoms 
fixed relatively to one another, and all in one 
plane. This formula, likii all formuhe con¬ 
structed on the same conceptions, is merely a 
device* for aiding accurate thinking about tho 
fundamental question of (chemistry, the question, 
namely, of tln^ connexions biitweeii (lomposition 
and properties. And the de\'i(*,o has worked 
admirably ; mor(U)ver, it has be(ui found to carry 
in itself the germs of furtln»r de-V(3l()pments. 

I.et us turn l)ack to the^ special case of con¬ 
nexions between conqiositioii and reactions pre¬ 
sented by urea and ammonium eyanate. These 
two coirqxHinds have the same moliicular weight, 
and the molecules of tho two compounds are 
compos(‘d of the same numbers of the same 
atoms. 'Jdie reactions of one of the compounds 
shew that it is a salt of ammonium, analogous to 
salammoniac (ammonium chloridiq and ammo¬ 
nium carboni^te. Now, the only way of repre¬ 
senting the compositions of salts of ammonium, 
agreeably with the reactions of these salts, in the 
special language of the tluiory of molecular struc- 
turj which I have endeavoiiretl to outline in tho 
preceding paragraphs, is to suppose tho presence 
in the molecules of all of them of an atomic group 
consisting of an atom of nitrogen in direct union 
with four atoms of hydrogen. The representa¬ 
tion of the molecule of ammonium eyanate on 
this hypothesis is given by the formula 

II^^N - O-C-N 
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The reactions of urea on the other hand arc'iii 
keeping witli an atomic arrangennmt which is 
symbolised by tin*, formula 

“ . " I 

() 

I 

Ammonium cyanate reacts as if tlu‘ molecuh; of 
the salt were constructed by^ ining two groups 
of atoms, one group b(hng itself made of an atom 
of nitrogen in direct union with four atoms of 
hydrogen, and the other group being composed of 
an atom of carbon directly united with an atom 
of oxygen and an atom of nitrogen ; these 
groups are indicated in the formula by dotted 
lilies. Moreover, the supposition that these two 
groups of atoms are held together by direct 
action and reaction betw(‘cn the oxygen atom 
and that nitrogen atom which is in connexion 
with four atoms of hydrogen is more in keeping 
with the reacitions of the salt than any other 
supjiosition that can lie made concerning the 
joining of the two atomic gi oups in the molecule 
of ammonium cyanate. 

If we wish to tr anslate the reaettons of urea 
into the language of the only theory of molecular 
structure that has been found useful in generalis¬ 
ing and suggesting facts, we must represent the 
molecule of urea as constructed by putting 
together three groups of atoms; one of these is 
composed of an atom of carbon directly hound to 
an atom of oxygen (the group C-0), and the 
carbon atom of this group is in direct union witfi 
twowgroups, each of which is composed of an 
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ritom of nitrogen holding to itself a couple of 
atoms of hydrogen ; the three groups of atoms 
are indicated in the formula given on j). 176 hy 
dotted lines. 

These fonnulie, the fornrila for ammonium 
cyanate and that for urea, include in themselves 
the conception of the compoinid radicle, which 
was illustrated v\dj;hont the ai<l of the atomic and 
molecular theory in (Jl/apter VIII. Mow that we 
have becf)me acipiainted with the conceptions of 
the atom and the molecule, and have gained some 
slight insight into the ways of representing the 
connexions betwcMUi rea.Ct’loiis and composition 
as dependent, among other conditions, on the 
arrangement of the atoms in the molecules of 
compounds, wt* are in a position to think more 
exactly regarding compound radicles. We now 
think of a compound radicle as a delinite group 
of atoms, which atoms are arranged in a delinite 
wav, and are so firmly held together that the 
Wiiolc group may ho moved from one molecule to 
another without falling to pieces; and we think 
of many molecules as constructed by putting to¬ 
gether vjiri Ris compound radicles. 

As we facilitate the comparison, the contrast¬ 
ing, and th(^ classification, of compounds by 
thinking of the reactions of these compounds as 
the reactions of extremely small portions of 
them which we call molecules, so we further 
facilitate the comparison, the contrasting, and the 
classification, of coni 2 )oiin(ls hy thinking of their 
reactions as definitely connected with the^, ar¬ 
rangement in groups of those parts of their 
molecules which we call atoms; and we yet 
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further facilitate the accurate classification of 
compoiuuls by the use of a device for represent¬ 
ing to ourselves the structure of their molecules, 
wliich <lcvico has arisen from the us(i of the 
atomic and molecular tlu'ory, and from the (jon- 
ceptiou of a limit to the number of .atoms vfhich 
can be luild diri'ctly by any special atom ii^ a 
molecule, a conception tha^t is s^s(‘lf an outcome 
of the application to chemical occurrences of the 
theory of the grained structurii of matter. 

If the pr()perti(‘s of a compound are the pro¬ 
perties of the molecule of that compound ; if the 
properties of the molecule arc (‘onditioned not 
only by the natunj and num])er of the atoms 
that compose it, but also by the .arrangement of 
these atoms; and if it is possible to arrange the 
same number of the s.ame .atoms in various ways 
consistently with the knowledge we have of the 
number of atoms which any special atom can 
hold in direct chemical niiion ; then there ou^dit 
to be very many instances of the existence of 
compounds with dillenmt properties but the 
sfimo molecular weights and having molecules 
composed of the same number of the same atoms. 
Hundreds, probably thousands, of such cases are 
known; and almost all the compounds of this 
kind that have been carefully studied are com¬ 
pounds of carbon, and very many of them are 
compounds of e.arbon with some or all of the 
three elements- hydrogen, oxygen, and nitrogen. 

The study of the connexions between com¬ 
position and chemical properties, especially thej 
compositions and properties of compounds of car¬ 
bon, is guided, nowadays, by the conception of the 
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molecule as a structure of atomic groups. For 
instance, the study of tlie aniline colours, to 
whicli I refern‘d in Cliajiter A JL, would be a 
cliaos were it not for this illuminating concep¬ 
tion. So that the manufacturer wlio wishes to 
mal»(^ iic^w colours, or to iinprovc’ the processes 
wJiere.by well known colours are 7nadc, must be 
thoroughly at h^me handling the difficult and 
intricate (piestions of molecular structure. We 
liave no other langnagi* whercun to express the 
relations of sucli bo<lies as the aniline colours 
except the language of ''♦toms and molecules, of 
atomic groups and stable and unstable atomic 
systems ; and to use that language aright de¬ 
mands constant inental ahulness, a vivid ima¬ 
gination, and a knack, which comes only from 
habit, of translating the plirascs of tlie language 
into th<* actual readaons of the laboratory, and 
the jcactioiis ohsorvccl in the laboratory into the 
expressions of the language. And this language, 
like all otluir living tongues, grows as the wants 
that have to he ('xjuesscjd by it imu'easo and be¬ 
come inonj complicated. It is but yesterday 
that chemists began to try to jucture to them¬ 
selves, in delinite ways, the possible arrangements 
of the atoms of moleeuh's in three dimensions in 
S[)ace, and already many new terms have been 
introdiict'd to ex])ross the new conceptions. And 
it is so easy to construct a little phrase book for 
oneself, and to set out lioping to understand and 
to be umhirstood. Jhit the traveller soon returns 
liscomfited, lost, perplexed. He thought hef had 
asked correctly, in tlie laboratory, tor a new 
colour, or a new drug; but nature gave him only 
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a nasty mess, lie must begin at the beginning, 
and he must learn the languagcj in sentences, not 
in detached Avoids. 

Success in many of our stajde industries is im¬ 
possible without a *iair knowledge, a knowledge 
that is accurate so far as it go(is, of chemical 
transformations, and of the means whereby there 
transformations are exprt^ssed,'^' "compared, con¬ 
trasted, and classified. Success in the more 
refined branches of the chemical trade comes 
only to the man who Is himself an accomplished 
chemist, or who has ^he for(‘sight to employ, 
and to be guided by, a thorouglily trained and 
thoroughly efiicient chemist. And to become an 
efficient and practically successful chemist means 
that a man shall have devote<l yi^ars to the study 
of problems that deal AAnth the connexions be¬ 
tween the structures of molecuh's and the pro¬ 
perties of the compounds Avhich arc formed by 
tlie coalescence of molecules; it me.ans an ap})aretit 
wandering far from tlie patli trodden bare by the 
feet of those Avho with a gimtle irony call them¬ 
selves “practical men’’; but it means treading 
the only path that leads to those practical re¬ 
sults Avhich can be translated into hard cash. ' I 
Avould appeal once more to the history of the 
German chemical trade in support of this lasscr- 
tion. 

Soap-making ; the manufacture of paraffin, and 
the separation and purification of petroleum oils; 
cheese-making, and most of the operations con- 
nect|>4 with the feeding of plants and animala^ 
on ina farm; sugar-making; the preparation of 
alcoholic drinks; the manufacture of explosives 
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and smokeless powders; tanning; djeing; calico 
printing, and the making and ap 2 )lying of colours; ^ 
preparing paints for use, and devising suitable 
vehicles for the application of })aints, and jwoper 
varnishes for locking uj) the 2)ai?itcd surfaces 
from the eflects of weatlu*]* ;*tl)e action and ap¬ 
plication of disinfectants, and antise[)tics ; the 
iftanufacture of ainestlietics ; the jnvparation of 
new Iherai^eutitT ag(*-’^ts : to carry on any one of 
these industries, or arts, successfully, ev(*n if by 
success is meant notliing moni tlian monetary 
success, i‘e(piir(is a knowh'dge of chemical facts 
and cliemical laws ; imd^not one of these arts or 


industries can b(^ improved, permanently and 
fundamentally, otherwisci than by the ai^idieation 
to the practices of them of that 2 )roroiirid chemical 
knowledge whicli is gained, ami gained only, by 
the study of probhuns wliich seem to the unimagi¬ 
native, man to b(5 absolutc‘ly uncoiim cted with the 


practice of anything that is iisefid to mankind. 

• I^et ns turn l>ack for a short time to the study 
of th^^ stgietun* of moleeules. ^J'liis study has 
led to the r(‘(*ognition of molecular symmetry. 
In the li<jlit of li'ccmt researches into the con- 
nj?xions bctweeui com])osition and properties, it 
is necessary to tliiidv of the pr() 2 )erties of a fairly 
complex molecule as eoJiditioncMl l>y an adjust¬ 
ment of the 2 >ro 2 >erties and the 2 )ositions re¬ 
latively to one another, of the various compound 
radicles which form the molecule. Perhaj3s the 
substitution of a certain comjjound radicle for 
some other atom, or atomic group, in a molecule 
may carry with it such (‘xcessively jn'oncfUnced 
properties of one kind or another that the 
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' Tuoleciile becoTuos unstable and ready to falP 
to pieces; the]i the introduetion oi another 
atomic gron[), with properties A^ery dillercnt 
from tliosc of the group tliat has made tlie 
molecul(!, as wc; may say, lopsich'd, will r(‘- 
store the threatenefl e(jiiilil)rinm of the structure. 
As an illustration, look at some of tlie ainilino 
colours. lj('t us suppose tliat tin* structure 
tlio moleculti of a ccitaiu <^)ni|)(^ind wliieh dyes 
a blue-pur])lc is so far knoAvn tliat a definite 
structural fviimula has bt‘eu assi<^U(‘d to the 
compound; a certain atomic grou]) is introduced 
in the place of one of tli(‘ hydiogeu atoms in 
the molecuhi of tin's conij)ouud, ami the result 
is a com])ouud whitih dyes an extremely pro¬ 
nounced blue; another compound radicle is 
introduced in plac‘e of an atom of hy<lrogen in 
the mohamle of tin' original compound, and the 
product dyes a red-purple. Now it is, Avished 
to produce a compound Avhich Avill dye a rich 
pur])le, neither too blue nor too red; therefore 
two atomic grou])s are introduced into the 
Tuolecnh;, one of Avhieh groups is knoAvu to cany 
Avith it the projicrty of dy(;ing blue, and the 
other the property of dyeing red; the rcsidt 
is that the blueing tendency of one group iA 
atoms is hal;inced by the reddening tendency of 
the other group, and a compound is produced 
which dyes the Avished - for purjde shade. 
Molecular symmetiy is insured by opposing one 
group of atoms to another within the molecule. 

“Symmetry,^' says Kuskin, ‘‘is the opposition 
of eqwal quantities to each other.In molecular‘> 
architecture symmetry is attained by opposing 
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various groups of atoms which are not m^ces- 
sarily equal quantities, if hy that is meant con¬ 
taining equal (jiiantiiies of matter as m(*asure(l 
by weight, but wliich produce equal changes, 
although changes in opposite, or at least in 
(lillereiit, directions, in the ])rop(Tties of the 
molecule. iVoav^ the oflbct of this or that atomic 


gioup on the properties of a niohxulc can }>e 
determiiu'd oirty by introdiieing the group in 
question int<j inaiiy diffei’cnt mohnuiles, and 
examining the etlects prodiuu-d on the properties 
of thes(i molecules. It is the old dilliculty. You 
cannot take a groiq) of »toms in your hand and 
(‘xamine and tabu ate its ])7’opertics, ajid then 
tell in what ways th(‘ pro[)(Tties of any particular 
molecule will he- modified hy the substitution of 
that group lor some oJie or more of the atoms 


in the molecule; just as a study of the i>ro- 
peltie^ of an eleiiujut taken hy itself does not 
help you to for(‘t{*ll what kind of properties will 
belong to the com])ouiids of that element. There 
is only oim method : in thci latest developments of 
chcunistry, which may he called the study of 
molecular symmetry, as in tlu' earliest attempts 
to connect the properti(‘s of elements with the 
properties of their compounds, the oidy way by 
which real knowledge is gained is the constant 
and accurate exiimination of changes of [)ro- 
pertics, and changes of composition, and the 
attempt, constantly made, to connect these two 
kinds of changes and to express the connexions 
in some clear and exact, although it may be, and 
indeed must be, extremely symbolic, laugunge. 

There always have been, and there always must 
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be, two lines along which chemistry advances: 
the science advances by studying composition, and 
by studying properties; but ihn stuily of chcmi 
cal composition means the looking to changes of 
composition, and tty? study of chemical properties 
is the examination of changes of properties; and 
all the great advances are made by combining 
the two lines of research, an<l 1^^ framing gener¬ 
alisations which connect dfelinite changes of one 
kind with definite changes of tln^ other kind. 

But what is the good, what is the use, says 
some one, of theories about molecules and atoms, 
things that have oi \y hypothetical existence, 
things that if they exist at all are so minute that 
no mortal eye can ever see them ? l^et us keep 
to facts, and then we are on safe ground. Well 
then, keel) to wliat you call facts ; and you will 
bo left behind ; you will be left floating on your 
little crazy raft of crumbling facts, desolate, 
panting, distressed, when by tlie help of tl^e 
swimming belt of theory you might have reached 
solid land. 

The theory of atoms and molecules is a guide 
to definite and accurate thinking ah )ut facts; 
every day it leads to the discovery of fresh faevs 
—one sometimes wishes there were not quite so 
many of them; and every day it extends the 
meaning and the scope of the facts that were 
thought to be known already. And to be in the 
habit of thinking about such things as mole¬ 
cular structure, and the connexions between the 
arrangements of the parts, and the properties of 
the whole, of these minute portions of matter; 
to be irf the habit of connecting these considera- 
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tions with operations tliat proceed on a vast scale 
in nature, on a smaller but yet very large scale 
in manufacturing operations, and on a yet smaller 
scale in the laboratory ; to have such conceptions 
of order, plan, arrangiunent, and symmetry in 
one’s mind, and to be constantly translating these 
conceptions into hard solid facts in the laboratory; 
to be doing those things humanis(‘s a man, and 
serves as a corrective ti% the InaUalising tendencies 
of life which are so numerous aud so violent. 

The atoms are the ultimate building stones 
wherevdth chemistry constructs all her varied 
buildings. And theie is^no doubt that all the 
properties of all the compoiiuds, and the com¬ 
positions of all compounds, are connected with 
the relative wc'ights of the atoms of the elements 
ill a definite way, and in a way which can 
be stated in such a form as to admit of direct 
application. It was a profound truth that was 
expressed by the. great Ihissian chemist Men- 
deleelf, when lie said that, chemistry recognises 
how chanifes take place in combinations of the 
unchanging.” The unchanging things arc the 
atoms of tV' elenumts; the combinations are the 
molecules both of elements and compounds ; and 
the Imsiness of chemistry is to trace the changes 
of properties which ai’e brought about by com¬ 
bining those unchanging atoms so as to form 
different kinds of molecules^ 
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I HAVK tried in the preceding chapters of this 
book to indicate fiuj prominent characteristics of 
those material cliaiiges which arc tlic s^Tbject 
matter of the science of ch(3niistry ; to illustlate 
tlie chemist’s classificatioif of niJiterial things into 
elements and not-tOcmients, and liis division of 
the latter class into compounds and mixtures; 
to sketch the methods, and to state the main 
results of r|)[)lying tlA^se methods, wdiich lead to 
tlie reprt.sentation of tlie conij)Ositions of com¬ 
pounds in terms of the elements that unite to 
ibrin, and can b(} obtained by breaking iijj, those 
compounds; to give examples of chemical pro- 
j)erties, or reactions, as distinguished from 
physical j)ro[)erties, and to indi(;at(^ i by tin', 
examples giv(m the way in wliich chemists scit 
about the study of the reactions of ch'nients diid 
compounds, and the general character of the 
results tlujy obtain. 1 have also attempted to 
state and illustrate the essential ^problem of 
chemistry, which is to connect properties with 
coini^osition, and changes of properties with 
change's of composition ; in doing this I have 
been obliged to deal with the only theory of 
the structure of matter which has furnished a 
good working hypothesis for setting forth the 
observed connexions between compositio*a and 
reactions; and 1 have found it necessary to say 
something about the special language, arising ouf 
of that theory, which chemists use as an instru- 
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ilient to aid them in expressing the connexions 
that they observe bcitweeji rea(jtions and com¬ 
position, and also as a means for suggesting 
relations tliat may be submitted to tlie test of 
experiment. 

[ have not atteini)te<l to foBow the historical 
ordt'r* of the (h^velopjucnt of <;}ieiiii(‘al scienci‘ j 
bu^» from time to time T have suggestiul contrasts 
between older aiid myn*. modern vi(‘ws of the 
phenomena vdtli whicli chemistry coiicm’iis itself. 
I have bet'll (j]>lig('rl, frtnii the condition of my 
task, to ignore vast [lortions of tlie chemical 
domain; I have, indet'd, ))'|en able only to sketch 
in outline a chapter taken h(*re and tJieie, but I 
hope not altegetlu'r in a haphazard way, fnjiii 
the story of chemistry. 

Of the chemists tln'iiiselves, tin', iin'ii who 
have studitMl the transfoimations of matter, and 
have gnjdually brought tin' eliicidalioii of those 
transformations to tlie point it has reached to¬ 
day -for the goal is yet far olf -notliing, or prac¬ 
tically nothing, has Ix'eii said. These men be¬ 
longed to various nations; tli(*.y were of diiterent 
temperann'nts, some were sIoav and jilodding, 
others brilliant, rajuM, and vc'rsatilc ; but they 
were all incited hy a regulated cuiiosity, and 
were l(*d on by strong, imaginative, common- 
sense, In this country we had Black, Professor 
at Edinburgh, the most methodical of men; 
Priestley, erratic, original, and full of new dis¬ 
coveries ; Dalton, essentially a thinker rather 
than an experimenter ; Davy, the most brilliant 
rtiid the most enthusiastic of Englisli chemists; 
Cavendish, the careful worker, and the founder 
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of large branches of experimental chcmistrj'; 
Graham, the atomist, and the forerunner of the 
physical chemists of to day ; and Faraday, the 
perfect ty])e of a scientific student of nature. 
France boasts of Tiavoisier, the founder of scien- 
tific chemistry, and tlie greatest name in the 
history of the science,; l)ut the Ih'public d<V.lared 
there was no need for men of science, aiuFtho 
guillotine fell remorselessly. ’‘France produced 
Dumas also, wlio li\('d and worl.ed from the 
time when oiganic chmnistiy hi^gan till onr own 
days; an (‘iitluisiastic student, a l)rilliant orator, 
a great clnmiist. ft^f the many great names 
in the history of chemistry, G(‘rmjiny claims a 
fair share: lii(;])ig, who alone would add lustre 
to the annals of any nation; Humboldt, who 
might almost Ix' said to hav (i taken all knowledge 
as his province ; \\'older, one of the greatest 
workers in the domain of miiuiial cL’cmistry ; 
Hofmann, the greatest of organic chemists ; and 
Bunsen, who is still with us, although ’ his 
working days are finished. Swede,n is immor¬ 
talised in chemistry by the work of Scheelo 
ami Berzelius ; Italy hoasts of Avogadro, and 
Cannizzaro who still lives and labours; ,mid 
among chemists none has hcxni more distin¬ 
guished for j)hilosof)hic insight and j^enetrative, 
accurate imagination than tlio llussian Mcndc- 
l^cff, who is still in the tliick of the figlit. 
There are many other groat names in the his¬ 
tory of cliemistry ; hut those I have mentioned 
suffice to prove that science knows no nationality. 

Chemistry extends in two directions; it leaAs 
tlie man who studies it to the highest and most 
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recondite theories, and the most imaginative 
speculations, concerning the nature of matter; 
and it has a part in very many of oiir manu¬ 
facturing industries, and touches almost every 
action of our daily lives. It is^he most homely, 
and jji.lso the most detached, of the sciences. 
Chemistry is concerned witli the commonest acts 
of the ordinary Jives of men; and in studying 
chemistry it ^s literal!}^ true that there is not a 
moment that passes in which we do not hold 
the infinite in our haiid.'^ 
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Dumas, 119-123, 188 

E. 

Electric, (rurrent) 77, 83, 
103, (force) 172. 

Elmfients, 48, 57, 59. 
ICmidsion, 94. 

Ether, 125, 128. 

Ethereal odcltt-s, 125, 126. 
Ethy^^Call,, 132. 

i\ 

Faraday, 188. 

Febrifuge, 137. 

Fermentation, 42. 
li^xiiig (a ph(»tt)gra}»h), 96. 
Flame, free from particles of 
unburnt carbon is not 
lumiiyius, 20. 

Flesh, 114. 
fluorine, 57, 102. 
i<'lux, 109. 

FoMniila, 68, 126, 127. 

Frankincense, 11. 

N 


G. 

CJalliuni, 59. 

(bis, 114. 

(biNC's, jiressuro, expansion 
and solubility of ditforont, 
ll'±!^ 

Gelatine, 91. 

Geological classification of 
rocks, 40. 

Germanium, 59. 

German manufacturers, 137, 
180. 

Olass, 12. 

(dycerin, 12. 

Graham, 188. 

Iraphito, 114. 

Gravity, 172. 

Gold, 57. (chloride of) 97. 

(1 un-cotton, 114. 

Gurn-arabic, 11. 
(bim-tragacanth, 11. 
Gutta-percha, 11. 


H. 

Helium, 28, 57. 

Hides, hoofs, and horns, 12. 
Ilofmaiin, 188. 

Homogeneous kind.s of 
matter, 35-42. 

1To])h, 42, 

1 Lumholdt, 188. 

Hy<lrochloric acid (gas), 31, 
32, 79, 120, 122, 160. 

-(solution), 83, 107, 128, 

Hydrogen, 29, 83 ; inflam¬ 
mable, and the lightest 
kind of matter known, 57, 
147,158; compounded with 
carbon and oxygen, 63, 
116 ; some reactions of, 81- 
90. * 

Ilyposiilphito of 6oda, 92, 96, 
97. 
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I. 

India-rubber, 11. 

Indigo, 11, Ilf). 

Iodide of silver, 93. 

Iodine, 07. , 

Iron, 33, 07, (cast) 11, (lilings) 
13,134, (jiig) Od, 1U3 ; oxide 
of iron, 103, 108, fovrie 
oxide, 108, or iro rust, 
78, is composed of i on and 
oxygen, 56; (sen ji) l‘J, 
(smelting, process f) 98- 
100, (ore)11, (wire)19 

L. > 

Tiami)-black, 114. 

Lavoisier, 188. 

Law of coiiM'i'ratioji of ///as*?, 

61. 

- of comhhiiUfj and rvacfnnj 

u'eitjJitSf 66 . 

-AvogadroV, 155. 

Leather, 12. 

Liebig, 119, 188. 

Lime, 23, 56, 56, 71) (slaked) 
71, 84. 

Logwood, 115. 

Lunar caustic (nitrate of 
silver), 90. 

M. 

Madder, 11. 

Magnesium, 82. 

Manganese, 12. 

Manufacturing industries, 11, 
12, 45. 61, 105, 134, 185, 
189; various kinds requir¬ 
ing chemistry, 180, 181. 

Marble, 108. 

Mendeldotf, 188. 

Merchry, 57, 58, 59. 

Metallo, chloride, bromide, 
and Huoridc, 102. 


Metalic oxides, 78, 100, 101, 

102 . 

Metals, 67, 53. 

Milk, 35. 

-of limo, 12. 

Mixtures, 35, 41, 48. 
Molecule, 1.54, 

Molecule (structure of)169 ; 
e.fj, of water, 173; of 
alcohol, 174 ; of ammonitim 
rcyanate, 175 ; and of urea, 
176 . 

Molecular structure, and the 
properties of compounds 
(connection between), 180. 
Molecular symmetry, 181,182. 
Molecular w/uglits are inoa- 
snred by that of hydrogen 
wliich is t.dven \s 2, 158, 
161 

Monoeliloracelic acid, 123. 
Morpliino, 11. 

Mortar, 71. 

Moon, 61, 59. 

Munatie acid. >»Vi» Hydro¬ 
chloric acid, , 

Myrrh, 11. ^ 

N.” 

Names of elements (origin 
of), .58, 59. 

Neutralising acids by alk.ilis, 

85. 

Nickel, 57, 59. 

Niobium, 59. 

Nitrate of potassium, 94. 

-of silver (solution of), 90, 

94. 

Nitric acid, 129, 130. ,• 
Nitrogen, 31, 57, 83, 111, 150. 

-dioxide, 54. 

Nitro-bonzene, 134. ' 

Nitro-glycerin, 130. t\ 

Non-metals, 111. / 
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0. 

Oils (fuel), 115. 

Oil of almonds (an oil smelling 
hko), 13, 134. 

-bergamot, 11. 

-cedar-wood, 11. 

-cotton seed, lli. 

-olive, 12. 

vitriol, 12, 81, 125, 131. 
Organic compoumfe, 118. 
0.\idcs. (Jorn^'i^unds of oxygon 
and one other elenu'iit aie 
callofl OXiDKs, 105 (.s'M’ 

acidic ha.sic), 110. 
Oxide of alnmiinuni, 101. 

-chromium lOS, 

acidic) 113, (^irec 
100 , 113. 

- copper, 09. 

— iron, 78, 90, 101 
-lead, 00. 

— mangancso (l)aHi(‘) 112, 
(acidic) 113. 

-poktssium 120, (basic), 

iOO, (solhl) 100. 

— /— sodium, 129. 

-.sulphur (;;ascous), 51. 

0-xygon, 2^ 57, 111, A 


I*. 

Paraffin, 39. 

Poarhi-sh, 12. 

Peat, 115 
l^owtgr, 45. 

Plicuacetm, 138. 

Phenyl 131. 

Phosj^iorus, 57, 58, 111. 
TMiotography, 90-98, lUl. 
IMants, 11, 114. 

Platinum, 57. 

Pjtash, 84; (solid) or hydroxide 
«:)£ potassium, 128. 


Potassium, 67, 78. 

-acotato, 130, 131. 

--chloride, 128. 

-cyanide, 102. 

-iodide, 130, 131. 

Prie^ey, 187. 

Propel ties, 21 ; chemical pro¬ 
perties (chap. V.), better 
called ‘‘chemical reactions,*’ 

I ^ . 

I Prussian blue, 12. 

' l^nis'.iate of potash, 12. 
Pyrites, 12 


Quantities of matler mea¬ 
sured by their weights, 25. 
Quartz, 12 

Quinine, 1 1, 1 17, 138. 

K. 

Reacting weights. Str t;om- 
hming voiglits dud law. 
Peageiit, 03, 93, 95. 

ltLMl-lL\ld, 77. 

Ihiskiii, on symmetry, 182. 

S. 

Saffron, 115, 

Salaminuiiiac, 20, 31, 32. 

Salt (common), 12, 55 ; 

solution of, 90; boiling 
solution of, 92. 

Salts, 85, 106, 110. 

Sand, 12, 71. 

Seonta, 115. 

Scheole, 188. 

Scientitic hypotheses, t9. 

-method, 90. 

Solenioii, 59. 


(red- Qualitative facts, 78. 
basic) Quantitative expermionts, 21, 
25, 70, 108. 



196 


INDEX. 


Sensitive surface (photo- 
grajihy), how prepared, 
91. 

Silicate of lime, 72. 

Silicon, 58, 72, 101. 

Silver, 95. 

-bromide, 94, 95. 

-chloride, 90. 

Slag, 56. 

Smokeless powders, 111. 

Koap, 12. 

Soda, 84 (hydroxide of 
sodium), 128, 189. 

-caleiricd, 79. 

-lye, 20, 107. 

-washing, 55, 79, 108. i 

Sodium, 67. 78, 102. ^ 

-chloride, 102, 130, 131. 

-tiuorido, 103. 

-nitrate, 129, 130. 

Spectroscope, 26. 

.spirits of hartshorn, 21,31,84. 

of salt, 31, 82, 83. 

Steam, 78, 82; (dry), 156- 
1,58. 

Steel, 12, 104. 

Sublimate, 25. 

Substitution (in organic 
chemistry), 120-140 ; (128, 
133,135). 

Sugar, 11, 20, 28, 35, 43, 56, 
79. 

-cane, 11. 

Sulphide, 100. 

Sulphur, 12, .54, 57, 58, 111. 

-dioxide, 100. 

-trioxide, 108. 

Sulphuric acid, 54, 55, 68, 77. 
Sunshine, 83, 91. 

Synthesis, 142. 

T. 

Tallied of combining weights 
(68), (atoinic weights), 145, 
m^htioned. 


Talbot, 00 sqq. 

Tantalum, .59. 

'relluriuiii, 59. 

'J’hrce <liinonaions, 179, 
Tin, .57. 

Tissues, 114. 

'rolling (a i)hotograph), 97. 
Trac’o, 92, 95, 104. 
Trichloracetic acid, 12^5. 


Urea, 119, 142, 166 

V. 

Vana<lmm, 59. 

Vinegar, 13, 82 
“ Vital force,'’ 119. 

W. 

Water, (pure) 39, 68,78, (some 
reactions of) 177-80. 

-gas, 1,58. 

Wax, 121. \ 

Wax-candles, 120. 

Weights (atomic^, how found 
161, (combining) 149, 
(molecular) 161, (combin¬ 
ing and reacting) 166. 
Whist, 60. 

Wine, 13, 115. 

Wohler, 119, 166, 188. 

Wood, 115 , (chips of), 20. 
Wort, 42. 

I 

Y. 

Ye.'ist, 42. , 

Ytterbium, 58. 

Z 

Zinc, 57,102, 





